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Foreword 

This is t h e  f o u r t h  a n n u a l  report to the U n i t e d  States  Bureau of 
Reclamation {USBR) of activities conducted under  the terms of 
Cooperative Agreements Numbers 8-FC-20-07100 and 1-FG-20-09820, 
and covers t h e  contract period J u l y  1, 1991 through June 30, 
1992. The second Cooperative Agreement expanded Jobs 3 ,  4 and 5, 
and added Jobs 7 and 8. The f i e l d  work was conducted by 
personnel of the California Department of F i s h  and Game's (CDFG) 
Klamath-~rinity Program, specifically i t s  T r i n i t y  River Project  
(TRP) , Trinity Fisheries Investigations Project (TFIP) , and 
Natural  S t a c k s  Assessment Project (NSAP). 
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TRINITY RIVER BASIN SALMON AND STEEUEAD MONITORING PROJECT 

1991-1992 SEASON 

CHAPTER I 

JOB I 
SALMON SPAWNER SURVEYS IN THE UPPER TRINITY RIVER BASIN 

Mark Zuspan 

ABSTRACT 

S t a f f  of the California Department of Fish and Game'e Trinity Fisheriee 
Xnvestigatiane Project conducted a mark-and-recovery, salmon spawner survey of 
a port ion of the mid-Trinity R i v e r  basin from 16 September through 19 December 
1991. We surveyed the  rnainetem Trinity River from the upatretun l i m i t  of 
anadromoua migrbtion a t  Leuiston Dam to a point 63.4 km downsitream at tho 
confluence of the North Fork T r i n i t y  River. Selected portiono of i t 6  major 
t r ibutar i e s  that were acceasLble to anadromoue f i s h  were ale0  surveyed. We 
examined 690 chinook salmon (Oncorhvnchua tshawvtacha) and 127 coho ealmon 
(0. kisutch)  carcaesee during the mainstern T r i n i t y  River eurvey. 

Chinook and coho salmon spawned throughout the entire mainstem survey section, 
but spawner density was highest  in the uppermoat 3.2  km of river, generally 
decreasing in a dawnatream direct ion.  Few salmon spawned in the t r ibutac i ee  
this year. we found only 29 chinook and 12 coho ~almon during the tributary 
 survey^ . 
Only  1 .29  ~f t h o  fall-run chinook ealmon and none of the eprinq-run chinook 
and coho mlmon females d i e d  prior to spawning. Theee are t h e  lowest 
peepawning mortality ratee for cbFnook salmon on record. The probable cause 
for the high spawning auccees was the low spawner eecapement and result ing low 
spawning dene i ty  in comparison to previau6 years. 

We xecovered both spring-run and fall-run chinook salmon in the survey. 
Spring-run chinook salmon dominated recovery until l a t e  October, thereafter 
fall-run fish became t h e  predominant race. Coho salmon were first noted in 
t h e  mainstem T r i n i t y  Rivex survey during mid-October, their numbers peaked in 
mid-November, and they were eseentially gone by mid-December. 

Based an the  recovery o f  adipoee fin-clipped chinook salmon, we eatirnate that 
none af the epring-run and 66 .99  of t h e  fall-run chinook salmon spawners 
observed in the eurvey were o f  hatchery origin. W e  could not determine the 
proportion of spawning coho salmon which were of hatchery origin because fish 
from the 1988 brood year released from the hatchery were not adipose fin- 
clipped . 
Fork lengths of adult epring- and fall-run chinook ealmon from the  mainstem 
Trinity River averaged 74.9 cm (range: 57-94 cm) and 68.8 cm (range: 52-91 
cm), respectively. Adult chinook ealman compoaed 9 7 . 5 %  o f  the spring-run 
chinook ealman and 95.3% o f  the fa l l -run chinook salmon with grilse composing 
the remainder. Fork lengths of adult coho in the mainatem Trinity River 
averaged 66 .5  em (range: 5 8 - 8 5 ) .  Adult coho salmon compoaed 99.1% of the f i s h  
measured w i t h  grilae compoeing the remainder. A d u l t  fall-run chinook ealman 
in the tributariem averaged 6 3 . 5  crn FL (range: 54-74 cm) and composed 92.90 of 
the f i s h  measured, w i t h  grilse cornpusing the remainder. 



JOB OBJECTIVES 

To determine, through a sys'em of spawning ground surveys, 
the distribution of natura? ( spawning chinook and coho 
salmon in the mainstem Tri ty Rivfr and its tributaries 
upstream of, and including the Norch Fork Trinity Rlver. 

To determine the incidence of pre-spawning mortality among 
naturally spawning salmon in the mainstem Trinity River and 
its tributaries upstream of, and including the North Fork 
Trinity River. 

To determine the size, sex composition, and incidence of 
marked and tagged individuals among the naturally spawning 
populations in the mainstem Trinity River and its 
tributaries upstream of, and including the North Fr '- 

Trinity River. 

To determine spawner distributions within the mainszem 
Trinity River upstream of the North Fork Trinity River. 

INTRODUCTION 

This year the California Department of Fish and Game's (CDFG) 
Trinity Fisheries Investigations Project (TFIP) completed the 
twenty-fourth salmon spawner survey conducted in the mainstem 
Trinity River since 1942. The first three surveys (Moffett and 
Smith 1950, Gibbs 1956, and Weber 1965) were fishery evaluations 
prior to the construction of Lewiston Dam. The remaining twenty 
(La Faunce 1965; Rogers 1970, 1973, 1982; Smith 1975, Zuspan 
1991, 1992a, 1992b; and work by Miller and Stempel [Appendix 11) 
were designed to evaluate the effects of the existing dam on the 
salmon resource. 

In 1984, The Trinity River Basin Fish and Wildlife Management 
Program was enacted by Congress (Public Law 98-541). This law 
appropriated approximately $57 million to be spent for fishery 
and wildlife restoration, and monitoring within the Trinity River 
basin. 

This survey, and those scheduled for following years by CDFG's 
TFIP, will help to evaluate the effectiveness of increasing 
spawning and holding habitat within the basin through habitat 
improvement efforts that are part of the restoration program. 



METHODS 

Mainstem Trinity River Spawner Survey 

Our study area included tbe mainstem Trinity River from its 
upstream limit to anadromous fish migration at Lewiston Dam 
(river km 1 8 0 . 1 )  to the confluence of North Fork Trinity River, 
6 3 . 4  km downstream (F igure  1 ) .  Previous studies have divided the 
river into either a four-  or seven-zone system. The seven-zone 
system (Table 1) was used i n  1987 by the United  States Fish and 
Wildlife Service (USFWS) (Stempel Appendix 1) and again in 1988,  
1989 and 1990 by TFIP (Zuspan 1991, 1992a, 1992b). Prior to 
t h i s ,  with t h e  exception of Moffett and Smith 1950, a l l  surveys 
were based on a system using four zones in t h e  river reach below 
Lewiston Dam (Gibbs 1956; La Paunce 1965; Rogers 1970, 1973, 
1982; Smith 1975; Weber 1965; and work by Miller [Appendix I]). 
Our 1991-1992 data were collected based on both zone systems. We 
have summarized data in this report based only  on the seven-zone 
system as it allows comparisons of different river sections in 
f i n e r  detail. By also recording data using the four-zone system, 
we will be able  to compare his tor ic  and current trends in other 
reports. 

River kilometers (RKM) fox location references were taken from a 
series of 7 . 5  minute United S t a t e s  Geological Survey topographic 
maps (Appendix 2). 

TFIP staff conducted the survey using 12-ft ~vonl '  inflatable 
rafts equipped with rowing frames. Raft crews consisted of a 
rower, and one or two personnel to recover carcasses. To 
increase coverage of the highly productive upper two sections, 
two rafts were used simultaneously, with one covering each side 
of the r ive r .  Carcasses were recovered on foo t  along the  shore 
ox, in deep water, from the rafts with long handled gigs .  We 
surveyed the entire mainstem Trinity River study section once a 
week throughout  the salmon spawning season. 

We determined spawning condition in female salmon by direct 
observation of the ovaries. Fish were classified as either 
spawned or unspawned based on egg retention. Females which 
retained over 50% of their eggs were classified as unspawned. 
Male spawning condition was not assessed, as its determination 
was considered ta be t o o  subjective. 

A l l  carcasses we observed were identified by species and examined 
for an adipose fin-clip (Ad-clip) indicating the presence of a 
coded-wire tag (CWT) in their snout.  To increase our likelihood 

The use of brand or trade names is for  identification purposes 
only, and does not imply the endorsement of any product by t h e  
CDFG . 



FIGURE 1. Map of the Trinity River basin showing the mainstem 
spawner survey zones and areas of tributaries surveyed in the 
1991-92 spawner survey. 



TABLE 1. Description and lengths of river zones used in the 1991-92 
mainstem Trinity River spawner survey. 

River Length 
zone (km) Zone description 

1 3.2 Lewiston Dam (Rl& 180.1) - Old Lewiston Bridge 
(RKM 176.9) 

2 7.9 Old Lewiston Bridge (RKM 176.9) - Browns Mtn. 
Bridge (RICM 169.0) 

3 10.2 Browns Mtn. Bridge (RKM 169.0) - Steel Bridge 
(RKM 158.8) 

4 10.4 Steel Bridge (RKH 158.8) - Douglas City Camp 
(RKM 148.4) 

5 12.0 Douglas City Camp (RKH 148.4) - Junction City 
Weir (RKM 136.4) 

6 12.5 Junction City Weir (RIM 136.4) - McCartney Pond 
(RKM 123.9) 

7 7.2 McCartney Pond (RKM 123.9) - mouth of North 
Fork Trinity 116.7) 

+' RXM = distance from the mouth of the river in km. 

of recovering all Ad-clipped fish, we passed all recovered salmon 
through a coded-wire tag detector. In this manner, fish that 
carried a coded-wire tag but had an unidentifiable adipose fin- 
clip were identified as an Ad-clip fish. Fish were further 
examined for the presence of an external tag (spaghetti tag) and 
an operculum punch, applied as part of an ongoing study by the 
Trinity River Project of the CDFG1s Klamath-Trinity Program. 
Spaghetti tags and operculum punches (Program marks) are placed 
on returning adult fish by CDFG staff at two trapping and tagging 
stations downstream of the spawner survey area, to monitor 
escapement and harvest of returning adult salmonids. The 
spaghetti-tagged salmon also receive an identifying operculum 
punch in order to estimate tag shedding rates of fish tagged at 
the two sites. The most downstream trapping site is Willow Creek 
Weir, located at RKM 32.2 on the mainstern Trinity River. The 
other trapping site, Junction City Weir, is located in the 
spawner survey area at RKM 136.4. Spring-run and fall-run 
chinook salmon, coho salmon, and steelhead are trapped and tagged 
at both Willow Creek and Junction City weirs. 

We classified all chinook salmon carcasses as either condition 
one or two, based on the extent of body deterioration. 



Condition-one fish were the freshest, having at least one clear 
eye and a relatively firm body. Condition-one fish were assumed 
to have died within one week prior to recovery. Condition-two 
fish were in various advanced stages of decomposition and assumed 
to have died more than one week prior to recovery. We did not 
count partially intact fish skeletons, because they could have 
represented Project-marked or condition-two fish which had 
already been counted and chopped in half during a previous week's 
survey. 

All chinook salmon we recovered were further classified into four 
categories: 1) Ad-clipped fish; 2) Program-marked fish; 
3) condition-one, unmarked fish; 4) condition-two, unmarked fish. 
The category assigned determined what data we collected from each 
fish. 

We determined the species and condition (i.e. one or two) of 
Ad-clipped fish. Heads of Ad-clipped fish were removed and 
retained for later CWT recovery and decoding. 

Program-marked fish were sexed and their spawning condition 
assessed. We removed any spaghetti tags and then cut the fish in 
half with a machete to prevent recounting in future weeks. 
Spaghetti tags had a unique number which allowed determination of 
the date and location of tagging. 

Condition-one fish which were neither Ad-clipped nor Program- 
marked were flagged and returned to moving water for subsequent 
recovery, and a systematically collected sample of them were 
measured to the nearest cm fork length (FL). Flags consisted of 
plastic surveyor's tape wrapped tightly around a colored hog ring 
and affixed to the left mandible of the carcass. The surveyor's 
tape was wrapped so tightly around the hog ring, that it amounted 
to no more than a colored coating, with less than 2.5 cm of tape 
extending from the hog ring at any time. Flag colors were 
changed weekly so that, on recovery, the week of flagging could 
be determined. The hog rings used to attach the flagging were 
color-coded to indicate in which zone they were affixed, so that 
we could determine the incidence of carcasses drifting into 
another recovery zone. Chinook 5 5 5  cm were preliminarily 
classified as grilse during the carcass surveys. Actual grilse 
to adult ratios for the whole population of chinook salmon in 
this year's run were determined from post-season evaluations of 
length frequency and CUT data. Adult and grilse salmon analysis 
in this report is based on the post-season size determinations. 

Condition-two fish which were neither Ad-clipped or Program- 
marked were checked for the presence of a flag and, if possible, 
the sex and spawning condition were assessed. If a flag was 
present, the color of the flagging tape and the underlying ring 
were recorded, and all fish were then cut in half to prevent 
later recovery and re-counting of the same fish. 



Coho Salmon 

All coho salmon collected were measured (cm FL) and checked for 
the presence of Ad-clips or Program-marks. When possible, sex 
and spawning c,~'iition were determined and then all coho salmon 
were cut in half to prevent futu 2 re-counting. Coho carcasses 
were nct used in the flagc ~g experiment, since they would have 
required a separate serif of flag colors to segregate them from 
flagged chinook salmon. 

Tribu.ary Spawner Surveys 
. - .  

Tributaries to the mainstem Trinity River, ? 'r4 - - 
Creek, Grass Valley Creek, Indian Creek, Re, + +-- -,., --*-.- 
Creek, Weaver Creek, Canyon Creek, East Fork of the North Fork 
Trinity River, and the mainstem North Fork Trinity River, were 
surveyed on foot once a week throughout the chinook salmon 
spawning season. Sections surveyed for eech tributary ranged in 
length from 0.5 to 2.5 km, and were chosen based on accessibility 
and their historic use by chinook salmon spawners (Figure 1). 
The survey began with the onset of chinook salmon spawning in 
each tribut ry and continued until spawning ended (Table 2). The 
lower reac of Weaver Creek was dry and inaccessible to salmon 
until 21 b ;ember, so the survey of that tributary was delayed 
I itil tha- date. 

TABLE 2. Trinity River tributaries surveyed in the 1991-92 spawner 
survey. 

h g t h  Number 
rurvsycd of Date R m t  

Tributq O;m) aurvcys Start End of total 6 

Rush Creek 2.4 8 101W91 12/12/91 100.0 

Gnus Valley Crock 0.8 8 lOlW91 1?/2?/91 100.0 

Indian Cmk 1.3 8 10/21/91 12111191 100.0 

Reading Cmk 0.5 8 10121191 lU11171 100.0 

Browns Creek 2.5 8 lOPL3191 12/13/91 lW.0 

Weaver Cmk Y 1.8 3 11/21/91 1Y13191 100.0 

Canyon Cnck 2.2 8 1On1191 I211 1191 66.7 

N.  Fork Trinify R. 1.5 8 10123/91 12110191 78.3 

E. Fork of N. Fork Trinity R. 1.3 8 101?1191 1Y 10191 69.0 

* Blimnted percent olUle tolal chinook spawning in thnl tributary that occurred in rhc survey section. 
The survey did not be& until 11 Novcmbcr in Weavcr Creek beuuse iu r m m  bcd w u  dry prior w thnl h. 



We classified all identifiable chinook salmon recovered into the 
four categories used in the mainstem spawner survey and handled 
them accordingly (see page 6). However, sex and prespawning 
condition were assessed only for fish collected from the mainstem 
Trinity River. Too few fish were observed in the tributaries to 
compose an adequate sample and most of those observed were 
condition-one fish which we needed to flag for spawning 
escapement estimates. Coho salmon were counted and cut in half 
upon recovery. Chinook salmon redds, when observed for the first 
time, were counted and recorded. 

Aerial flights and ground-truthing surveys were made of each 
tributary to determine the percentage of the total available 
spawning area within each tributary represented by each of our 
ongoing spawner survey zones. Flights were made during the peak 
of spawning activity to observe redds and locate the upstream 
limit of spawning. Follow-up ground-truthing surveys were made, 
when necessary, to make total redd counts for both the whole 
tributary and its spawner survey zone. The percentage of the 
total redds occurring in a survey zone during the aforementioned 
count was assumed to represent the percentage of the total 
spawning in each tributary that took place within the survey 
zone. 

RESULTS AND DISCUSSION 

Numbers Observed 

Mainstem Trinitv River Spawner Survevs 

Chinook Salmon. We examined 690 chinook salmon carcasses 
during the spawner survey. These included 30 Ad-clipped fish, 73 
Program-marked fish (five also ad-clipped), 251 unmarked 
condition-one fish which we flagged, and 270 unmarked condition- 
two fish. We also recaptured and re-examined 87 fish which we 
had flagged in previous weeks. No whole skeletons were observed 
(Appendix 3). 

Coho Salmon. We recovered 127 coho salmon carcasses in the 
spawner survey, including one Ad-clipped and 17 Program-marked 
fish (Appendix 4 ) ,  and did not see any whole skeletons. 

Tributarv SDawner Surveys 

Chinook Salmon. We found only 29 chinook salmon carcasses in 
the nine tributaries surveyed this season. These included 14 
condition-one fish which we flagged and 15 skeletons. Included 
in the fish we flagged were four Program-marked fish. We re- 
examined four chinook which we had flagged in prior weeks 
(Appendix 5). 



Coho Salmon. We examined 12 coho salmon in the tributaries 
this season, and no skeletons were observed (Appendix 5). 

Separating Spring- and Fall-run Chinook in the Survey 

We only considered chinook salmon recovered in the mainstem 
Trinity River in determining a date to separate the two chi. ~ o k  
salmon runs. Both spring- and fall-runs of chinook salmcr. were 
observed in the mainstem survey. A date separating the two racsd 
was determined from CWTsd and Program-marked chinook salmon. 
Spring-run chinook salmon dominated our recoveries through the 
fifth week of the survey ending 20 October 1991. Some overlap of 
spring- and fall-run chinook salmon occurred during the sixth 
week ending 27 October 1990. Fall-run chinook salmon became 
predominate by the seventh week of the survey which began 28 
October 1991. For the purposes of this report, all chinook 
recovered prior to 28 October are considered spring race while 
those recovered from that date onward are considered fall race 
(Figure 2). 

For comparison, the date separating spring and fall-run chinook 
in previous years was 11 October in 1988, 23 October in 1989, and 
29 October in 1990 (Zuspan 1991, 1992a, 1992b). 

09- 1 E  03- 30 10- 14 10- 28 11-11 I < - 2 5  

09-23 10-07 10-21 11- 34 11- 1 8  

First 3ay of  S u r v e y  Week 

FIGURE 2.  Weekly proportion of spring- and fall-run chinook salmon 
observed in the 1991-92 Trinity River spawner survey. The arrow 
indicates the date separating the spring from the fall run. 



Size Composition 

S~rina-run Chinook Salmon 

Mainstem Trinitv River. We measured 81 spring-run chinook 
salmon to the nearest cm FL during the survey. Adults are fish >53 
cm F~ (Bill Heubach Calif. Dept. Fish and Game, pers. comm.) and 
composed 97.5% (79/81) of the spring-run chinook salmon observed in 
the survey, while grilse (fish ( 53 cm FL) composed the remaining 
2.5% (2/81) (Table 3, Figure 3). For comparison, the percentage of 
grilse in the spring-run chinook sampled at Junction City Weir, and 
Trinity River Hatchery ranged between 8% and 10% (Table 3). Data 
from Willow Creek Weir are not included in this analysis as only a 
small portion of the late spring-run chinook salmon population was 
sampled there. There was a significant difference in the 
percenta e of grilse sampled in the survey and at the two fixed 
sites (X&. 03, df=2, P=0.049). 

Tributaries. Based on the date at which we first observed 
spawning activity, we assume that only fall-run chinook were 
recovered in the tributaries. 

Fall-run Chinook Salmon 

painstem Trinitv River. We measured (cm FL) 170 fall-run 
chinook salmon this season. Based on a minimum of 52 cm F~ for 
adults (Bill Heubach Calif. Dept. Fish and Game, pers. comm.), 
95.3% of the fall-run chinook salmon measured were adults and 4.7% 
were grilse (Table 4, Figure 4). The percentage of fall-run 
chinook salmon grilse at the different sampling sites, including 
the tributary survey, ranged from 12.1% to 4% (Table 4) and when 
tested for independence, the difference was highly significant 
(x2=34.38, df=4, P=.00001). The reason for the difference in rates 
between the sample sites is unknown. 

Tributarieq. We measured (cm FL) 14 chinook salmon in the 
tributaries this year. Of these, 92.9% were adults (>52 cm FL) and 
7.1% were grilse (Table 4). 

Coho Salmon 

We measured (FL cm) 113 coho salmon in the mainstem Trinity 
River. Adults are fish >49 cm F g  (Bill Heubach Calif. Dept. Fish 
and Game, pers. comm.) and composed 99.1% of the coho 
measured, with grilse composing the remaining 0.9% (Table 5 ,  
Figure 5 ) .  The percentage of coho salmon grilse at the different 
sampling sites ranged from 4.1% to 0.9% (Table 5 ) ,  but the 
differences were not significant (x2=3.275, df=3, P=.351). 

2 Determined from post-season analysis of length frequency and 
coded-wire tag recovery. 



TnBLE 3. Numbers and percentages of spring-run chinook salmon grilse 
observed in the spawner survey and at two fixed locations in the 
mainstem Trinity River during the 1991-92 sea:.on. 

Junction city Trinity River Mainstem 
Wei - Hatchery spawner survey 

Grilse 25 7 1 2 

Adults 285 614 7 9 

% Grilse 8% 10% 2 % 

a/ Spring-run chinook salmon 5 53 cm FL are considered grilse - 
based on a post-season analysis of length frequency and 
coded-wire tags. 

i 
a,' 
in 

f: 

52 56 6 0  64 68 7 2  7 E  80 84 88 92 

54 58 6 2  66 70 74 78 82 8 G  90 94 

F o r k  Length : c m ]  

FIGURE 3. Fork length distribution, in 2-cm increments, of spring-run 
chinook salmon measured in the mainstem Trinity River during the 
1991-92 spawner survey. 



TABLE 4. Numbers and percentages of fall-run chinook salmon grilse 
observed in the spawner surveys and at three fixed locations in the 
Trinity River basin during the 1991-92 season. 

Mainstem Tributary 
Willow Creek Junction City Trinity River spawner spawner 

Weir Weir Hatchery survey survey 

Grilse " 38 59 205 8 1 

Adults 916 430 2.482 162 13 

% Grilse 4.0% 12.1 % 7.6% 4.7% 7.1% 

P/ Fall-NU chinook salmon 5 5 2  cm FL are considered grilse based on a postaea~,n analysis of length 
frequency and coded-wire tags. 

44 48  5 2  56 60  64 6 8  7 2  76 90 84 88 92 

46 50 54 58 62 SE 70 74 78 82 86 90 

F o r k  L e n g t h  Ccm) 

FIGURE 4 .  Fork length distribution, in 2-cm increments, of fall-run 
chinook salmon measured in the mainstem Trinity River during the 
1991-92 spawner survey. 



TABLE 5 .  Numbers and percentages of coho salmon grilse observed in 
the spawner surveys and at three fixed locations in the Trinity River 
basin during the 1991-92 season. 

Trinity Mainstem 
Willow Creek Junction City River spawner 

Weir Weir Hatchery survey 

Grilse 21 8 106 1 

Adults 585 215 2,509 112 

% Grilse 3.5% 3.6% 4.1% 0.92 

g/ Coho salmon 5 4 9  cm FL are considered grilse based on 
post-season analysis of length frequency and coded-wire 
tags. 

42 46 50 54 5 8  6 2  66 7 0  74 7 8  8 2  

4L  40 5 2  5 6  60 64  68  7 2  76 80 8 4  

F o r k  Lengrh (cm) 

FIGURE 5 .  Fork length distribution, in 2-cm increments, of cohc 
salmon measured in the mainstem Trinity River during the 1991-92 
snawner survev. 



Sex Composition 

Sex was determined only for fish recovered from the mainstem 
Trinity River that were either condition-two unmarked fish, 
Program-marked fish, or flagged fish recaptured in the carcass 
survey. 

Chinook Salmon 

We determined the sex of 340 adult chinook salmon during the survey 
(49 spring-run and 291 fall-run). Of the adult spring-run chinook 
salmon observed, 53.1% were females, while adult fall-run fish were 
54.1% females. The percentage of females in the survey was 
generally highest during the early and late weeks of the survey and 
lowest during the middle weeks (Figure 6). This seasonal trend in 
sex ratio was also noted in the previous two year's surveys (Zuspan 
1992a, 1992b). However, the trend was not as pronounced this year 
as in the past. The preponderance of adult females in the chinook 
salmon run has been noted in all but two of the previous surveys 
and has ranged from 73.6% to 25.8% (Appendix 6). The preponderance 
of females among adult fish results when males return as grilse, 

Start Date of Survey Week 

FIGURE 6. Percent females in the adult chinook salmon population 
observed in the mainstem Trinity River during the 1991-92 spawner 
survey. The arrow indicates the date separating the spring from the 
fall run. 



thereby decreasing the number of males left to return as adults. 

Coho Salmon 

We determined the sex of 109 coho, 60% (65) of which were females. 
For comparison, 4 2 % ,  5 7 % ,  and 80% of the coho we examined in 1988, 
1989, and 1990, respectively, were females (Zuspan 1991, 1992a, 
1992b). Like female chinook salmon, coho salmon females were more 
prevalent early and late in survey (Figure 7). 

Prespawning Mortality 

Prespawning mortality was determined only for fish recovered in the 
mainstem Trinity River that were either condition-two unmarked 
fish, Program-marked fish, or flagged fish recaptured in the 
carcass survey. 

Chinook Salmon 

We determined the spawning condition of 186 adult female chinook 
salmon, including 22 spring-run and 164 fall-run fish. Prespawning 
mortality was 0% (0/22) and 1.2% (2/164) for spring- and fall-run 
female chinook salmon, rsspectively. 

The overall prespawning mortality rate of both races of female 
chinook salmon was the lowest on record, at 1%. For comparison, 
overall (spring- and fall-run) prespawning mortality of female 
chinook salmon has ranged from 1.5% to 44.9%, averaging 12.8% 
during previous surveys (Appendix 7). 

Start Date of Survey Week 
FIGURE 7. Percent females in the adult coho salmon population 
observed in the mainstem Trinity River durinq the 1991-92 spawner 
survey. Data were plotted only ;hen the sample size was 2 5. - 



Prespawning mortality of chinook salmon in the Trinity River basin 
appears to be related to spawner escapement and, therefore spawner 
density. Specifically, as spawner escapement increases so does 
prespawning mortality. The CDFG's Trinity River Project has 
developed chinook salmon escapement estimates in the Trinity River 
basin since 1978. Prespawning mortality rates are available for 
the periods of 1978 through 1982 and for 1987 to the present. 
During the periods where both escapement estimates and prespawning 
mortality rates are available, escapement has ranged from 6,135 to 
100,913 while prespawning mortality rates have ranged from 1.1% to 
44.9% (Table 6). With the exception of 1980, prespawning mortality 
generally increases with increasing escapement (Figure 8). The 
high prespawning mortality rate noted in 1980 may be a sampling 
error. During that year, only 63 female chinook were checked for 
spawning condition. A regression analysis of escapement and 
prespawning mortality indicates a significant correlation (~'=.406, 
P=0.048) even with the 1980 data included. Without the 1980 data, 
the significance is much greater (~~=.709. P=0.004). 

TABLE 6. Adult chinook salmon natural spawner escapement estimates 
and adult female chinook salmon prespawning mortality rates,for the 
Trinity River, 1978-1982 and 1987-1991. , * . ~ < , f - -  

Adult chinook salmon natural spawner escapement Female adult prespawning chinook salmon 
estimates mortality 

YW s p r i n g - ~ r  Fall-NU Y Total Spring-run Fall-run Overall 

1978 14,384 3 1,052 45.436 Y Y 7.2% 

Spring-run chinook salmon escapement estimates are for fish migrating above Junction City Weir. 
Fall-run chinook salmon escapement estimates are for fish migrating above Willow Creek Weir. 
Overall is spring-run plus fall-rue chinook salmon. 

6' The prespawning mortality was only given as an overall rate, not by the separate m. 
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FIGURE 8. Adult chinook salmon natural spawner escapement and adult 
female chinook salmon prespawning mortality rates for the Trinity 
River, 1978-1982 and 1987-1991. 

Coho Salmon 

Sixty-four adult female coho salmon were examined for spawning 
condition during the survey. None (0164) of the fish examined died 
prior to spawning. For comparison, in 1988, 1989, and 1990, the 
prespawning mortality rate of adult female coho salmon was 25.6%, 
6.2%, and 13%, respectively (Zuspan 1991, 1992a, 1992b). Coho 
prespawning mortality rates were not reported in surveys prior to 
1988. 

Salmon Spawner Distribution 

Salmon spawner distribution in the mainstem Trinity River is 
presented based on the seven-zone system first used in 1987 
(Stempel [Appendix 11). The results of Zones 5 ,  6 and 7 were 
combined this year because too few flagged chinook were recovered 
in these individual zones to make reliable estimates. Distribution 
estimates are for adult fish only. This is because grilse and 
adult salmon are recovered in the survey at different rates; a fact 
that would force us to stratify the distribution estimate. Also 
grilse are relatively unimportant to the spawner escapement as they 
are predominantly males and frequently do not spawn because of 
competition from larger, older males. 



Chinook Salmon 

Mainstem Trinitv River. We examined 678 adult chinook salmon 
this season, excluding flag recoveries. The numbers of chinook 
salmon spawners were greatest in upstream zones, decreasing from a 
high of 195 fish in Zone 1 to 65 fish in Zone 3 (Table 7). We 
recognize that carcass counts alone cannot be used to accurately 
describe distribution, because recovery efficiency can vary from 
zone to zone, due to differences in stream morphology. Therefore, 
the percentage of flags recovered for each zone was used to 
determine the recovery efficiency of that zone (Table 7). Even 
based on the total number of chinook salmon recovered divided by 
the different recovery efficiency rates for each zone, the percent 
of chinook salmon spawners decreased downstream in successive zones 
below Zone 1 (Table 7). Spawner density, in terms of spawners per 
river km, was highest in the uppermost section (98 spawners/km), 
and decreased steadily in a downstream direction (Table 7 ,  Figure 
9). 

This pattern of higher chinook salmon spawning concentrations in 
the upstream sections has been noted in each of the five previous 
years (Zuspan 1991, 1992a, 1992), but was much less pronounced this 
year (Figure 9). Chinook salmon spawners were much more evenly 
distributed throughout the survey area this year. 

It is possible that an increase in river flow during the late 
summer and fall was responsible for the more even distribution of 
spawners seen this year. In an attempt to keep river temperatures 
within specified criteria, the flow during the late summer and fall 
averaged about 150 cubic-feet-per-second (CFS) higher this year 

TABLE 7.  Adult chinook salmon spawner distribution and estimated 
density, by river zone, in the 1991-92 Trinity River spawner survey. 



PIGORE 9. Estimated adult chinook salmon spawning density, in 
spawners per river km, measured during the 1987 through 1991 mainstem 
Trinity River spawner surveys. 

than in previous years (450 versus 300 CFS). While the higher 
flows probably lowered temperatures this year, they were not 
significantly lower than in previous years. It may be that the 
higher flows increased the holding and spawning habitat to a point 
that allowed chinook salmon to spawn in the lower reaches of river. 
It should also be noted that the decreases in spawner escapements 
over the last few years may have somehow caused spawners to 
distribute themselves more evenly. However, while there has been a 
steady decrease in annual spawner escapements in the last few years 



(Table 6), the proportion of spawners in each zone remained 
approximately the same until this year (Figure 9). 

As noted in previous years (Zuspan 1991, 1992a, 1992b), a potential 
source of error in this estimate is the assumption that flagged 
chinook salmon carcasses are recovered only in the zone that they 
were originally flagged. If flagged fish are recovered in 
downstream zones, it would tend to increase the efficiency estimate 
in the recovery zone while decreasing the estimate in the flagging 
zone. 

To determine the extent that carcasses drifted from one zone to 
another, fish flagged this year in each zone were again given a 
distinct hog ring color. Recoveries that were originally flagged 
in another zone were recorded as such. This season, all 87 of the 
flags were recovered in the same zone in which they were originally 
flagged. This indicates that carcass drifting had no effect on 
chinook distribution estimates, as was the case in the 1990-91 
season (Zuspan 1992b). In the 1989-90 season the proportion of 
flags that drifted into other zones was less than 1% (Zuspan 
1992a). 

Tributaries. Spawning adult chinook salmon made very limited 
use of tributaries this year. Too few chinook salmon were observed 
to make a mark-and-recovery spawner estimate, so we used redd 
counts to describe spawner distribution, as was the case last year 
(Zuspan 1992b). 

We located 51 salmon redds in seven of the nine tributaries 
surveyed this season. Since we could not differentiate a chinook 
from a coho salmon redd during the survey, we used the relative 
proportion of chinook and coho salmon observed in the individual 
tributaries to apportion the redds by species. Based on this 
apportioning, there were 35 chinook salmon redds observed this 
season with counts in the individual tributaries ranging from nine 
to zero (Table 8, Appendix 5) . 
Coho salmon 

Mainstem Trinity Riveq. We observed 127 adult coho salmon in 
the mainstem spawner survey this year, most of which were seen in 
Zones 1 and 2 (Table 9). We estimated the total number of coho 
salmon which spawned in each zone by dividing the actual number of 
carcasses observed by the recovery efficiencies for that zone that 
were developed from chinook salmon flag recoveries. Coho salmon 
spawning density was highest in Zone 4 (19 spawnersikm) and ranged 
from 18 to 5 spawners per km in the other zones 
(Table 9). 

Tributaries. We recovered 12 coho salmon during the tributary 
surveys. They were recovered in Weaver Creek, North Fork Trinity 
River, and East Fork of the North Fork Trinity River 
(Appendix 5). When the observed redds were apportioned by species 



TABLE 8. Salmon redd numbers and distribution observed in the 1991-92 
Trinity River tributary spawner survey. 

Proportional redd 
Nurnber observed distribution @ 

Chinook Coho 
Tributary carcasses carcasses Redds Chinook Coho 

Rush Creek 

Grass Valley Creek ' 
Indian Creek 

Reading Creek 

Browns Creek 

Weaver Creek 

Canyon Creek 

N. Fork Trinity R. 

E. Fork of the N. Fork 

Totals: 29 12 5 1 35 16 

9 Computed by proportioning the redds observed by the species observed. Chinook 
redds = Redds x chinook observed / (chinook observed + coho observed). 

Since no fish were observed in this creek, redds were proportioned by the total 
chinook and coho for all creeks. 

(see page 20), there were an estimated 16 coho redds observed in 
the tributary survey (Table 8). Estimated redd counts ranged from 
seven to zero in the individual tributaries. 

Marked Salmon Recovery 

We observed Program marks (spaghetti tags or operculum punches) on 
14 spring-run and 59 fall-run chinook salmon in the mainstem 
Trinity River spawner survey. Program-marked spring- and fall-run 
chinook salmon were recovered from both Junction City and Willow 
Creek weirs (Table 10). Of the 73 Program-marked chinook we 
observed, 27 were condition-one fish and 46 were condition-two 
fish. Seventeen Program-marked coho, seven from Willow Creek Weir 
and ten from Junction City Weir, were also recovered in the 
mainstem Trinity River. 

We used only condition-one chinook salmon to determine the actual 
percentage of Program-marked chinook salmon in the spawner survey. 



TAsLE 9. Adult coho salmon spawner distribution and estimated 
density, by river zone, in the 1991-92 Trinity River spawner survey. 

Zone % of 
length Total Observation Expanded expanded Spawners 

Zone " -1 observed efficiency b/ total @ total per km @ 

5-7 g 31.7 24 15% 160 27.4% 5 
P 

Totals: 63.4 128 582 100.0% 

Means: 34 96 9 

" Zones described in Figure 1 and Table 1 .  
Observation efficiency equals the total recovery rate of flagged chinook salmon in each zone. 

=' Computed from: Told observedi(obse~ation efficiency1100). 
Computed from: Expanded totallzone length (b). 

* Zones combined because too few chinook salmon were recovered to develop observation 
efficiencies for individual zones. 

This is because we were more likely to correctly identify a Program 
mark on a fresh (i.e. condition-one) fish than one in an advanced 
state of decay. The percentage of condition-one salmon recovered 
in the survey which had been marked at the two tagging sites ranged 
from 3.3% to 7.7% for chinook salmon (Table 10). 

We did not record the condition of coho salmon during the survey so 
we can not analyze the Program marks of condition-one fish. 
However, for fish of all conditions, 13.4% (171127) of the coho 
salmon recovered were Program-marked (Table 10). 

Adi~ose Fin-cli~s and Coded-wire Taas 

We recovered 30 chinook salmon and one coho salmon in the spawner 
survey which appeared to be Ad-clipped. Based on their CWTs, one 
was a spring-run chinook salmon, 26 were fall-run chinook salmon, 
and four fish did not have CWT1s (Appendix 8). All of the CWT 
recoveries were of Trinity River Hatchery origin. 

To minimize the number of Ad-clipped fish missed during the spawner 
survey, all fish recovered were passed through a coded-wire tag 
detector. Fish which produced a positive reading with the 
detector, regardless of the condition of their adipose fin, were 
considered Ad-clipped. 



TABLE 10. Program-marked salmon recovered duringthe 1991-92 mainstem 
Trinity River spawner survey. 

Spring-mn chinook FaU-run chinook Coho Salmon 

% k Program % F'mgram 
Tag site Fmgrrrn TOM Program Program Toral marh Pmgram TotA marb  

ma& -* observed iJ marks marlrs @ obrcrved Y ma& observed' 

Wdow Cnck Weir 3 91 3.3 10 20 I 5 .0  7 127 5.5 

Junction City Wcir 7 91 7.7 7 201 3.5 10 127 7.9 

Totala: ' 0  91 17 201 17 127 

Rogram marka include spaghetti tags and opcrculum punchca. 
Y Only wndition-mc chinook salmon w e n  used lor this count. 
9 Both condition+nc md wndition-rwo coho salmon w e n  used for this count. 

The percentage of Ad-clipped fish in the spawner survey is best 
estimated by considering only those Ad-clipped fish that had CWTs 
(Ad+CWT) and were condition-one fish, as fish in advanced decay 
(i.e. condition-two fish) were more likely to have shed their CWT. 
For example, the Ad+CWT rate of fall-run chinook salmon condition- 
two fish was only 3.5% (121342) while for condition-one fish it was 
7.5% (15/201). However, this method does not produce an estimate 
of Ad-clipped fish that can be directly compared with the estimate 
of Ad-clipped fish returning to the weirs or TRH. This is because 
we consider Ad-clipped fish in the spawner survey to be only those 
fish that have CWTs, while at the other sites they count fish with 
Ad-clips regardless of their having a CWT. To make the two 
estimates comparable, we expanded the number of Ad+CWT fish 
observed in the spawner survey by the CWT shedding rate for chinook 
salmon observed at TRHI'. For example, of the 60 Ad-clipped 
spring-run chinook salmon observed at TRH, only 45 (75.0%) had CWTs 
indicating a 25.0% natural CWT shedding rate for these fish. For 
fall-run chinook the CWT shedding rate at TRH was 5.1% (161317). 
Expanding our counts of Ad-clip+CWT fish in the spawner survey by 
the aforementioned CWT shedding rates, 0% and 7.9% of the spring- 
and fall-run chinook salmon observed in the spawner survey were Ad- 
clipped. 

The percentage of Ad-clipped spring- and fall-run chinook salmon 
varied at the different recovery sites, probably as the result of 
hatchery-produced fish homing to the hatchery. Since naturally 
produced chinook salmon also spawn in the lower mainstem or its 
tributaries, we would expect the percentage of hatchery-produced, 
Ad-clipped chinook salmon in the population to increase at each 
sampling site proceeding upstream, and to be highest at the 
hatchery. The Ad-clipped chinook salmon rate was highest at the 
hatchery, intermediate at the weirs, and lowest in the mainstem 

1' % CWTs observed/(l-(% at TRH with shed tags/100)) 



TABLE 11. Numbers and percentages of adipose fin-clipped chinook 
salmon observed in the mainstem spawner survey and at three fixed 
locations in the Trinity River basin during the 1991-92 season. 

Spring-run chinook Fall-run chinook 

Site Ad-clips @ Total % Ad-clips Ad-clips Total % Ad-clips 

Willow Creek Weir Y 79 954 8.3 

Junction City Weir 19 310 6.1 40 489 8.2 

Trinity River Hatchery 60 685 8.8 316 2,687 11.8 

Mainstem Trinity River survey 5' 0 9 1 0.0 16 201 8.0 

Adipose fin-clipped fish. 
Only a small portion of the late spring-run chinook salmon population was sampled at this site. 

'' Only conditionae fish with coded-wire tags From the spawner survey were used in this analysis. All 
fish were used at the other three sites. 
@ Only 15 adipose fin-clipped fish with coded-wire tags were observed. ?his number was expanded 
to account for adipose fin-clipped fish which may have shed their tags. Coded-wire tag shedding 
rates were from this year's Trinity River Hatchery coded-wire tag recovery records. 

Trinity River spawner survey (Table 11). Ad-clip rates in the 
spawner survey may have been less than at weirs downstream, as the 
weirs captured a fraction of all upstream migrants, both hatchery 
and natural fish, while the spawner survey emphasized in-river 
spawners which would be more likely to be naturally produced fish. 
The reason that chinook salmon trapped at Willow Creek had a 
slightly higher Ad-clip rate that those trapped at Junction City 
weir is unknown. 

We cannot analyze the Ad-clip rates of coho salmon this year. This 
is because the returning adults are from a brood year that was not 
marked (Ad+CWT) at TRH. 

Incidence of Hatchery-produced Chinook Salmon 

We determined the incidence of hatchery-produced chinook salmon 
among the carcasses seen in the spawner survey by comparing the 
rate of Ad-clipped (hatchery-marked) chinook salmon at various 
locations within the river. 

Svrins-run Chinook Salmoq 

The percentage of Ad-clipped spring-run chinook salmon observed at 
the three locations in the Trinity River basin below Lewiston Dam 
ranged from 0% to 8.8% (Table ll), and were significantly different 
(x2=9.98, df=2, P=0.007) from each other. 



During the previous three years, most (approximately 97%) of the 
spring-run chinook salmon recovered at TRH were of hatchery origin 
(Bill Heubach, Calif. Dept. of Fish and Game, pers. comm., based on 
expansions of CWT recoveries). This year, using the same 
methodology, only an estimated 65.4% of the spring-run chinook at 
TRH salmon were of TRH origin (Biil Heubach, Calif. Dept. of Fish 
and Game, pers. comm.). Thls apparent low rate is an artifact of 
the high CWT shedding rate for spring-run chinook t'.is yea- c 

onlx Ad-clipped fish with CWTs can be used for the expans;-:I, . 

25%- shedding rate for spring-run chinook salmon had the effect of 
decreasing the estimate of TRH-pr-duzed fish returning to tne 
hatchery. We believe the actual percentage of TRH-produced spring- 
run chinook salmon returning to TRH this year is similar to 
previous years. Therefore, we assume that the 8.8% Ad-clip rate 
for spring-run fish observed at TRH represents a population of 100% 
TRH-origln chinook salmon. Since no condition-one Ad+CWT spring- 
run chinook salmon were recovered in our survey, we feel that 
essentially all of the spring-run chinook spawning in our survey 
zones were naturally produced (non-hatchery). 

Fall-run Chinook Salmon 

The Ad-clip percentage of fall-run chinook salmon ranged from 8.0% 
to 11.8% at the four sampling sites this season (Table 11). The 
differences in chinook salmon Ad-clip rates among the four sites is 
statically significant (x2=13.78, df=3, P=0.003). 

Since most (93.3%) of the fall-run chinook recovered at TRH are 
estimated to be of hatchery origin (Bill Heubach, Calif. Dept. of 
Fish and Game, pers. comm., based on expansions of CWT recoveries), 
we assumed that the 11.8% Ad-clip rate for fall-run fish observed 
at TRH represents a population of 100% hatchery-produced chinook 
salmon. Since only 7.9% of the fall-run chinook salmon in the 
spawner survey were Ad-clipped, we estimated that 66.9% (7.9/11.8) 
were of hatchery origin, while the remaining 33.1% were naturally 
produced. 

Comvutational Assumvtions 

There are several assumptions which could be potential sources of 
error in using the aforementioned method to determine the incidence 
of hatchery fish spawning in the river. We assume that field 
personnel actually observed all possible Ad-clips in the survey. 
Using the strict protocol developed this year (i.e. using a tag 
detector on all fish and considering only condition-one fish) we 
feel we were successful at identifying essentially all Ad+CWT fish 
in the survey. We are also assuming that the probability of 
observing and recovering an Ad-clipped fish is the same in the 

' Only 45 of the 60 Ad-clipped spring-run chinook salmon entering 
TRH had coded-wire tags. This indicates a 25% shedding rate for 
these fish. 



survey as at the hatchery, and, most importantly, that ratios of 
Ad-clipped to unmarked hatchery fish are the same in the spawner 
survey as at TRH. Since different chinook salmon release groups 
are Ad-clipped at different rates, this last assumption is only 
valid if the various CWT groups occur in the spawner survey in the 
same proportions as among the fish recovered at TRH. 

RECOMMENDATIONS 

This is the fourth year of a multi-year effort of spawner surveys 
in the Trinity River basin. The following recommendations should 
be considered for inclusion in next year's spawner survey. 

1. Spawner survey activities should be continued, with current 
objectives, in FY 1992-93 and beyond. 

2. To increase the number and accuracy of our Ad-clip salmon 
recoveries, we should continue to pass all salmon through a 
tag detector. This should allow us to more reliably estimate 
the proportion of hatchery and naturally produced fish 
spawning in the wild. 

3. Flows from Lewiston Dam should be increased during the late 
summer to mid-fall period from the base 300 CFS to 
approximately 450 CFS. The purpose of the higher flows would 
be to distribute chinook salmon spawners more evenly in the 
mainstem Trinity River. A more even distribution of spawners 
should also lead to a decrease in prespawning mortality. The 
increased flows could be especially important during years of 
high escapement when chinook salmon in the Trinity River have 
suffered unusually high prespawning mortality. 
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APPENDIX 2. List of maps used to identify the river km of 
locations used during the 1991-92 Trinity River spawner survey. 

Lewiston Quadrangle, California; 7.5 Minute Series 
(Topographic). N4037.5-W1224517.5, Ref. 649-lC, U.S. Dept. of 
the Interior, Geological Survey; modified for USDA Forest 
Service; Provisional Edition 1982, Revised 1983; 1:24,000; 71 
X 56 cm; b/w. 

Weaverville Quadrangle, California-Trinity Co.; 7.5 Minute 
Series (Topographic). N4037.5-W12252.5/7.5, Ref. 649-2C, U.S. 
Dept. of the Interior, Geological Survey; modified for USDA 
Forest Service; Provisional Edition 1982, Revised 1983; 
1:24,000; 71 X 56 cm; b/w. 

Junction City Quadrangle, California-Trinity Co.; 7.5 Minute 
Series (Topographic). N4037.5-W12300/7.5, Ref. 650-lC, U.S. 
Dept. of the Interior, Geological Survey; modified for USDA 
Forest Service; Provisional Edition 1982, Revised 1984; 
1:24,000; 71 X 56 cm; b/w. 

Dedrick Quadrangle, California-Trinity Co.; 7.5 Minute Series 
(Topographic). N4045-W12300/7.5, Ref. 668-4C, U.S. Dept. of 
the Interior; Geological Survey; modified for USDA Forest 
Service; Provisional Edition 1982, Revised 1984; 1:24,000; 71 
X 56 cm; b/w. 

Helena Quadrangle, California-Trinity Co.; 7.5 Minute Series 
(Topographic). N4045-W12307.5/7.5, Ref. 668-3C, U.S. Dept. of 
the Interior, Geological Survey; modified for USDA Forest 
Service; Provisional Edition 1982, Revised 1984; 1:24,000; 71 
X 56 cm; b/w. 



Urmarkad chinook a/ 
F m l e  

Survey Date Pr4gr.n Chinook f lagged b/ Fleg Percent Ueek 
week begun i d - c l i p s  c/ m r k s d l  Adults G r i l s e  e l  recovery fl Msles Spawned UnspauMd unspauned Unknoun g/ t o t a l s  h/ 

1 16-ser, 0 0 0 0 0 0 0 0 . . . 0 0 

Appendix 3 .  S m r y  o f  chinook i rmn csrcasses recovered dur inp the 1991-92 ma ins tm l r l n i t y  River  spawnr  survey. 

I n c l d e s  chinook salmon uhich were rmt flagged, i d -c l i pped ,  o r  Program-marked end uere chopped i n  h a l f  upon recovery. 
Includes chinook s s l m  which uere flagged tha t  ueek f o r  l a t e r  recovery. 
Adipose f i n - c l i p p e d  chinook salmon. 
Includes chinook salmon uhich uere prev ious ly  marked (speghett i  tagsloperculun pmched) a t  var ious s i t e s  dounstresm o f  the  survey area. I l d  
i n  parenthesis were a lso  Ad-=Lipped. 
During the survey, p r i o r  t o  analysis o f  t h i s  year 's CUT data, chinook salmon 6 6  cm are  asruned t o  be g r i l s e .  f o r  t a l l y  parposer. 
I n c l d e s  a i l  recoveries that  ueek uhich uere f lagged i n  previous weeks. 
I n c l d e n  chinook salmon of l n k n o ~ n  sex. 
lncludes a l l  newly observed chinook salmon. Ooes no t  inc lude f lagged f l s h  r r cover ies  which Mere re-examined that  ueek. 



Appendix 4. Summary of coho salmon carcasses recovered during the 1991-92 mninstem Trinity River spawner survey. 

Female coho 
Survey Date Program Percent Week 
week begun Adelips a1 marks bl Males Spawned Unspawned unspawned Unknown c /  totals 

1 16-Seo 0 0 0 0 0 -- 0 n 

Totsls: 1 17 44 64 0 I 127 
Average: 0 

a/ Adipose fin-clipped coho snlmon. 
bl lncludes coho salmon which were previously m*cd (spaghetti tagsloperculum punched) downstream of the suwry ares. 
cl  Includes female coho for which spawning condition was not assessed. 



Appendix 5. Sununary of salmon carcasses and redds observed during the 1991-92 spawner surveys in tributaries lo the Trinity River between Lewiston Dam 
and the North Fork Trinity River. 

Percent Chinook 
Kilometers of total Weeks Program Flagged fish a/ Flags Redd 

Tributary surveyed spawning b/ surveyed Ad-clips c /  marks dl  Adults Grilse dl recovered Skeletons Total f/ count Coho 
Rush Creek 3.9 100 8 0 I I I 0 I 3 5 0 
Grass Vallcy Creek 1.3 100 8 
lnd~an Creek 2.1 100 8 
Reading Creek 0.8 100 8 
Browns Creek 4.0 100 8 

I 
d( Weaver Creek 2.9 100 3 
r" 
I Canyon Crezk 3.5 67 8 

North Fork Trinity R. 2.4 78 8 
E. Fork N. Fork l'rinity 2.1 69 8 

Totals: 0 4 I I 3 4 15 29 5 1 12 

a1 Chmook salmon carcasses which were flagged and returned to the tributary. 
h l  Percent of the total chinook salmon spawning in the tributary that occured in the suwey area, determined from ground and aerial redd surveys. 
c l  Adipose fin-clipped chinook salmon. 
d l  Includes chinwk salmon which were previously marked (spaghetti lagged/operculum punched) at various sites downstream of the survey arra. 
el  During the survey, prior to analysis of this year's coded-wire tag data, chinook salmon <56 cm were assumed to be grilse. for tally purposes. 
f l  Chlnw~k totals include flagged fish, and skeletons. Ad-clipped and Program- marked fish are included in the flagged column. Does not include flagged fish 

recoveries which were re-examined that week. 



Appendix 6 .  Sea compositions of adult chinook salmon ohserved during maitwtemTrinity River spawner surveys from 1942 thomgh 1991. 

Sprmg-run chinook Fnll-run ch~nook Total chmook 
Males Females Males Females Males Females 

Study year Researcher Number Percent Nurnher Percent Number Percent Number Percent Number Percent Nurnher Percent 
1942-1945 a1 Moffett/Smith (1950) 201 35.6 364 64 4 

Gibbs (1956) 
Weber (1965) 

LaFaunce (1965) 
Rogers (1970) 
Smith (1975) 
Rogers (1973) 

" (1982) 
Miller (1972) 

" (1973) 
(1974) 
(1976) 

" (1978) 
" (1979) 
" (1980) 
" (1981) 
" (1982) 
" (1984) 

(1985) 
Sternpel (1988) 
Zuspan (1991a) 
Zuspan (1992s) 
Zuspan (1992~)  
Current sludy 

a/ Spnng-run and fall-run chinook salmon were not reporled separately. 
bl Crilse chinook salmon were included in these counts. 



Appendcx 7. Female chinook salmon prespawnmg moflality rates observed during mainstem Trin~ty River spawner surveys from 1942 through 1991. 

Spring-run chinook Fall-run chinook Total chinook 
Percent Percent Percent 

Study year Researcher Spawned Unspawned unspawned Spawned Unspawned unspawned Spawned Unspawned unspawned 
1942.1945 a1 MoffettISmith (1950) 

G ~ b b s  (1956) 
Weher (1965) 

bFaunce  (1965) 
Rogers (1970) 
Smith (1975) 
Rogers (1973) 

" (1982) 
Miller (1972) 

(1973) 
(1974) 
(1976) 

" (1978) 
" (1979) 
" (1980) 
" (1981) 
" (1982) 
" (1984) 

(1985) 
Stempel (1988) 
Zuspan (1991a) 
Zuspan (1992a) 
Zuspan (1992~)  
Currenl study 

a/ Prespawning mortality rate was not reported during these years. 
hi Spring-run and fall-run chinook .salmon were not separated during these years 
cl  Overall prespawning mortality rates were reported but not individual counts. 



Appendix 8. Release and recovery data for coded-wire-tagged salmon recovered in the 1991-92 mainstem Trinity River 
spawner survey. 

Release Information 
Brood Nurnher Number 

C W  # a/ Species Race year Type hl Location c/ Date released recovered 
06-55-23 Chinook Fall 1988 Ff TRH 06/19/89 196,249 1 
06-56-31 Chinook Fall 1987 FY Ambrose 10128188 93,300 16 
06-56-32 Chinook Fall 1988 FY TRH 10/27/89 97,569 4 
06-56-33 Chinook Fall 1987 Ff Ambrose 06/02/88 172,980 2 
06-56-35 Chinook Fall 1988 Ff TRH 194,197 3 06/12/89 
0 6 4 1 4 7  Chinook Spring 1987 Sf Sawmill 05/23/88 185,718 I 

Total: 27 

a/ Coded-wire lag (CWT) number for the release group. 
bl Hatchery release types include: Fy =fall yearling, Ff=fall fingerling, Fy + =fall yearling plus. Sy=spring yearling. 

Sf=spring fingerling. 
c/  All release locations are in the mainstern Trinity River. TRH=Trinity River Hatchery. 
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JOB I1 
CAPTURE AND CODED-WIRE TAGGING OF NATURALLY PRODUCED CHINOOK 

SALMON IN THE TRINITY RIVER BASIN 

Mark Zuspan 

ABSTRACT 

Staff of the California Department of Fish and Game's Trinity 
Fisheries Investigations Project conducted a trapping and 
coded-wire tagging operation for naturally produced, juvenile 
chinook salmon (Qncorhvnchus -) on the mainstem Trinity 
River below Lewiston Dam from 13 January through 26 May 1992. 

We trapped 81,851 juvenile chinook salmon, 500 juvenile coho 
salmon (L kisutch), and 5,542 juvenile steelhead (0- mvkiss) at 
four locations during the study. Peak catch-per-unit-effort for 
juvenile chinook salmon measured at the trapping site where we 
had the most consistent effort occurred in late April. Weekly 
average fork lengths of trapped juvenile chinook salmon tended to 
increase throughout the trapping period. 

We adipose fin-clipped and implanted coded-wire tags into 59,971 
juvenile chinook salmon, a sub-sample of which ranged in size 
from 29 to 110 mm, averaging 57.7 mm fork length. After 
adjusting for tagging mortality, tag shedding, and poor fin 
clips, we effectively coded-wire tagged and released 56,610 
juvenile chinook salmon. 

We estimate six chinook salmon from the 1988 brood year, coded- 
wire tagged by this Project, were harvested in the ocean as 
three-year-olds this season. Additionally, one chinook salmon 
from this group was recovered at Trinity River Hatchery. 



JOB OBJECTIVE 

To capture, mark (adipose fin-clip), tag (binary-coded wire), and 
release representative groups (up to 100,000 fish/group) of 
naturally produced chinook salmon fry/fingerlings in the mainstem 
Trinity River and/or selected Trinity River tributary streams, 
for use in subsequent determinations of their survival and 
contributions as adults to the ocean and river fisheries and 
spawning escapements. 

INTRODUCTION 

The Trinity River system in Northern California is a major 
producer of chinook salmon (hereafter called chinook) for the 
Klamath River basin. Knowledge of fry- or fingerling-to-adult 
survival, harvest, and spawner escapement of these stocks is 
crucial to wise management of chinook in the basin. 

Recent legislation (U. S. Public Law 98-541, enacted in 1984) has 
resulted in a major effort to restore the fishery resources in 
the Trinity River basin to pre-Trinity-Project conditions. 
Emphasis for this effort is placed on naturally produced chinook. 
Survival, catch, and escapement data for these fish will help to 
evaluate the effectiveness of these restoration efforts. 

Previous coded-wire-tagging studies of juvenile chinook in the 
Trinity River basin have focused on hatchery-produced chinook and 
made inferences to naturally produced chinook based on those 
results (Heubach and Hubbell 1979, Heubach 1980, Maria and 
Heubach 1981, 1984a, 1984b, 1984~). 

In this study, the California Department of Fish and Game's 
(CDFG) Trinity Fisheries Investigations Project (TFIP) personnel 
trapped, adipose fin-clipped, coded-wire tagged (CWT), and 
released naturally produced juvenile chinook. Subsequent studies 
of these fish as adults, by TFIP and other projects of the CDFG's 
Xlamath-Trinity Program, will be used to determine survival, 
harvest, and spawning escapement for this important component of 
the Trinity River basin's chinook stocks. 

METHODS 

Use of Standard Julian Week 

Weekly sampling data collected by Project personnel at the 
trapping sites are presented in Julian Week (JW) format. Each JW 
is one of a consecutive set of 52 weekly periods, beginning 
1 January, regardless of the day of the week on which 1 January 
falls. The extra day in leap years is added to the ninth week, 



and the last day of the year is included in the 52nd week 
(Appendix 1). This procedure allows between-year comparisons of 
identical weekly periods. 

Trapping 

We conducted trapping at four primary sites in the mainstem 
Trinity River this season. Site names and river km (RKM) 
locations were: 1) Lewiston at RKM 177, 2) Ambrose at RKM 172, 
3) Hard Hat at RKM 148, and 4) Sky Ranch at RKM 134 (Figure 1). 

We began trapping on 13 January 1992 and finished on 26 May 1992. 
Our primary objective was to capture up to 100,000 juvenile 
chinook for coded-wire tagging. To that end, we trapped 
sporadically at each of the four sites to locate the site that 
would produce the highest numbers of fish at a given time. 

Our trapping apparatus consisted of from one to seven fyke nets 
measuring 3.1 m wide by 1.2 m high at the mouth, by 7.6 m long, 
tapering to a 0.33-m by 0.33-m exit leading into dual live boxes. 
Fyke nets were attached, at their mouth, to a 2.5-cm 
(1-in) diameter galvanized pipe frame of the same dimensions as 
the net mouth, which was connected by ropes to metal posts driven 
into t..e stream bed. The nets were normally set in the late 
afternoon and recovered mid-morning the next day. 

All fish trapped were counted and a sub-sample of each species 
was measured to the nearest mm of fork length (FL). 

Tagging 

Tagging took place only at the Ambrose, Hard Hat, and Sky Ranch 
sites. The tagging sites were located adjacent to the trapping 
sites. Tagging was conducted inside a 5.5 m- (18 ft-) long 
office trailer converted for that purpose. A 3.5 KW generator 
was used to supply the electrical needs of the operation (tagging 
machines, pumps, lights). 

Captured juvenile chinook were anesthetized with tricaine 
methanesulfonate (~~222)g, their adipose fin removed, and a 
coded-wire tag implanted. Tag injectors and quality control 
devices were purchased from Northwest Marine ~echnology". 
Because of the small size of the fish captured, 112-length tags 
were used. Between two and four tagging machines were employed, 
depending on availability of fish for tagging. 

1' Use of brand names is for identification purposes only, and 
does not imply the endorsement of any product by the California 
Department of Fish and Game. 
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A sample of 100 fish from each day's tagging was held for quality 
control, and the remainder were released back into the river at 
the tagging site throughout the day. Fish in the quality control 
sample were put into holding cages kept in the river and, after a 
minimum of 24 hours, checked for mortality, tag retention, and 
adipose fin-clip (Ad-clip) effectiveness. Tag retention was 
determined by passing fish through an electronic tag (metal) 
detector, and Ad-clip effectiveness was determined by direct 
examination. 

Recovery 

As part of ongoing studies, the CDFG recovers Ad-clipped and CWT 
fish from among ocean- and inland-harvested fish, and hatchery 
and natural spawner returns. Heads from Ad-clipped fish are 
collected and their coded-wire tags removed and decoded. 

RESULTS 

Trapping 

We began trapping on 13 January 1992 and continued at varying 
locations and intensity through 26 May 1992 (Table 1). We 
discontinued trapping in late May because of decreasing catches 
and rising river temperatures. Also, the release of 210,188 
spring-run chinook from Trinity River Hatchery (TRH) on 5 June 
1992 precluded further trapping of only naturally produced fish 
for the remainder of the season. 

Chinook Salmon 

We captured 81,851 juvenile chinook this season. Totals by site 
were: 1) 1,832 at the Lewiston Site, 2) 16,102 at the Ambrose 
Site, 3) 38,817 at the Hard Hat Site and, 4) 25,100 at the Sky 
Ranch Site (Appendices 2, 3, 4, 5). 

Catch-per-unit-effort (CPUE), measured as the weekly average 
number of fish caught per-night per-net fished, varied 
considerably between trapping sites (Figure 2, and Appendices 2, 
3, 4, 5 ) .  The highest CPUE (487) was at the Ambrose Site 
followed by the Sky Ranch Site (450), the Hard Hat Site (434), 
and the Lewiston Site (356). 

We measured the FLs of 11,102 chinook during the trapping season. 
These fish ranged in FL from 29 to 142 mm. Weekly average FLs of 
fish at the four trapping sites generally increased though time 
(Figure 3, Appendices 2, 3, 4, 5). At the Sky Ranch Site, where 
we trapped every JW through the season, the average EL of 
juvenile chinook was 36.7 mm in mid-January and increased to 
65.1 mm by late May (Figure 3) . 



TABLE 1. Number of traps set per Julian week at each trapping 
site in the mainstem Trinity River during 1992. 

Julian Start Hard 
week date Lewiston Ambrose Hat Skv Ranch 

2 0 May-14 3 1 

2 1  May-21 6 

Totals: 18 144 114 166 

Other Salmonids 

We caught 5 , 5 4 2  steelhead this season. Steelhead were caught at 
all sites throughout the trapping season (Appendices 2, 3, 4 ,  5). 
Catches were relatively low until mid-March when large numbers of 
hatchery-produced steelhead were captured, coincident with 
hatchery releases. We found that 36.6% of the steelhead captured 
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FIGURE 2. Weekly average catch of juvenile chinook salmon per-trap per-night at the four 
trapping sites in the mainstem Trinity River during 1992. 
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FIGURE 3. Weekly average fork lengths (mm) of juvenile chinook salmon captured at the four 
trapping sites in the mainstem Trinity River during 1992. 



this season were fin-clipped, indicating they were from TRH''. 

We caught 5CJ coho salmon this season. only yearlings were 
capturec prior to 12 February, afterward, both yearlings and 
young-02-the-year were caught. The highest catch for coho was at 
the Hard Hat site (14 fish/trap/night) and occurred during mid- 
February (Appendix 3). 

Tagging 

Tagging operations began 13 March and continued through 18 May 
1992. During this period, we marked (Ad+CWT) and released 59,971 
juvenile chinook. Tagging took place at the Ambrose, Hard Hat, 
and Sky Ranch sites. 

Ambrose Site 

At the Ambrose Site, we tagged 8,348 juvenile chinook with coded- 
wire tag number 6-1-8-3-1. Tagging at this site began 13 March 
and continued through 30 March 1992. Independent, non- 
overlapping estimates, based on quality control groups, of 
tagging mortality, poor fin clips, and the number of coded-wire 
tags that were shed are shown in Table 2. After subtracting 
these estimates from the total tagged, we effectively CWT and 
released 8,070 juvenile chinook from this site (Table 2). 

Hard Hat Site 

At the Hard Hat Site, we tagged 35,043 juvenile chinook with 
coded-wire tag numbers 6-1-8-3-3, 6-1-8-3-6, 6-1-8-3-7, and 6-1- 
8-3-8 (Table 2). Tagging at this site began 9 April and 
continued through 7 Nay 1992. Independent, non-overlapping 
estimates, based on quality control groups, of tagging mortality, 
poor fin clips, and the number of coded-wire tags that were shed 
are shown in Table 2. After subtracting these estimates from the 
total tagged, we effectively CWT and released 33,195 juvenile 
chinook from this site (Table 2). 

Skv Ranch Site 

Tagging began 10 April and continued through 18 May 1992 at the Sky 
Ranch Site. During this period, we tagged 16,580 fish r ~ t h  cod.:d- 
wire tag numbers 6-1-8-3-4, 6-1-8-3-9, and 6-1-8-3-10 (Table 2). 
Independent, non-overlapping estimates, based on quality control 
groups, of tagging mortality, poor fin clips, and the number of 
coded-wire tags that were shed are shown in Table 2. After 
subtracting these estimates from the total tagged, we effectively 
CWT and released 15,345 juveni?e from this site (Table 2). 

Beginning with the 1989 brood year, all steelhead produced at 
TRH have been fin-clipped prior to release (Aguilar -1992). 



TABLE 2. Summary of juvenile chinook salmon coded-wire tagging 
in the mainstem Trinity River during 1992. 

Estimated N u r h r  
Coded-wire tag Tageing Dates of Nurtwr taggi? Pwr Tags e f f e c t i v e l y  

mmhr s i t e  release tagged morta l i t ies  f i n c l i p s  shed tagged 

6-1-8-3-1 

6-1-8-3-3 

6-1-8-3-6 

6-1-8-3-7 

6-1 -8-3-8 

SYbtot.Ls: 

6-1-8-3-4 

6-1 -8-3-9 

6-1-8-3-10 

subtotals: 

G r a d  Totals: 

Anbrose 

Hard Hat 

Hard Hat 

Hard Hat 

Hard Hat 

Sky Ranch 

Sky Ranch 

Sky Ranch 

Coded-Wire Tag Recovery 

The CDFG's Ocean Salmon Project estimates that seven chinook from 
the 1988 brood year, coded-wire tagged by this Project in 1989 
(Zuspan 1991), were recovered as three-year-olds this year. 
These included three each from the Oregon and California ocean 
fishery, and one from Trinity River Hatchery (Richard Dixon, 
Calif. Dept. Fish and Game, pers. comm.). One two-year-old fish 
from this coded-wire tag group was recovered during spawner 
surveys last year in the North Fork Trinity River (Zuspan 
1992b). No other recoveries of Project-tagged fish were reported 
this year. 



DISCUSSION 

We were unable to capture enough juvenile chinook to reach our 
goal of tagging 100,000 naturally produced fish this year. This 
was the direct result of poor escapement of the progenitors of 
this year's juvenile chinook. Natural (non-hatchery) spawner 
escapement for chinook salmon (spring- plus fall-run) above 
Junction City was the lowest on record, only 15.4% of the 1989 
run (5,453 vs 34,587) and 92.1% of last year's run (5,453 vs. 
5,811)~. 

Because of the low catches, we instigated an intensive trapping 
program, trapping up to 80% of the river's cross section on a 
seven-day-a-week basis. Trapping effort this year was 1.2 times 
that of last year (442 vs. 374 trap nights), and 3.9 times that 
of 1990 (442 vs. 143). Total juvenile chinook catch this year 
was 91.8% (81,851 vs. 89,208) of last year's and only 50.6% 
(81,851 vs. 161,730) of that in 1990*' (Zuspan 1992a, 1992b). In 
a pattern noted last year (Zuspan 1992b), both the overall 
juvenile chinook CPUE and adult escapement of their progenitors 
were down similar amounts. The 1991 adult chinook escapement 
(spring- plus fall-run) was 92.1% of the 1990 escapement and 
15.4% of the 1989 escapement, while the CPUE for 1992 juvenile 
chinook was 77.6% of that in 1991 and 16.4% of that in 1990. 

While it seems unlikely that there is a linear relationship 
between adult escapement and production, trapping during the last 
three years suggest an important correlation. 

RECOMMENDATIONS 

1. Job 2 activities should be continued in FY 1992-93 

2. In the event of a low chinook salmon escapement in 1992, the 
Project should be prepared to increase our trapping effort. 
This will require the purchase and construction of 
additional trapping equipment. 

3. We should continue our efforts to recover coded-wire 
tagged chinook that are harvested by anglers or that 
return to TRH. Efforts to recover code-wire tagged 
fish spawning naturally should be increased. 

21 Spawner escapement estimates from Bill Heubach, Calif. Dept. 
Fish and Game, pers. comm. 

We trapped both naturally and hatchery-produced chinook salmon 
in 1990. This analysis considers only the effort expended and 
fish tra~ped prior 18 May 1990, the date TRH chinook were 



LITERATURE CITED 

Aguilar, B. 1992. Survival and contributions to the fisheries 
and spawner escapements made by steelhead produced at 
Trinity River Hatchery. Chapter VI. Job VI. p. 136-140. In: 
K. Urquart (ed.), Annual Report of the Trinity River Basin 
Salmon and Steelhead Monitoring Project, 1989-1990 Season. 
June 1992. 140 p. Available from Calif. Dept. Fish and 
Game, Inland Fish. Div., 1416 9th St., Sacramento, CA. 
95814. 

Heubach, B., and P. Hubbell. 1979. FY 1978 progress report. 
Task V. Salmon tagging and release monitoring. p. 1-5. 
In: P. M. Hubbell (ed.), Evaluation Report-FY 1978. - 
Trinity River Basin Fish and Wildlife Task Force 
Priority Work Item No. 5. January 1979. 65 p. 
Available from Calif. Dept. Fish and Game, Inland Fish. 
Div., 1416 9th St., Sacramento, CA. 95814. 

Heubach, B. 1980. FY 1979 progress report. Task V. Salmon 
tagging and release monitoring. p. 75-79. In: P. M. 
Hubbell (ed.), Progress Report. Fishery Investigations - 
Trinity River. Trinity River Basin Fish and Wildlife Task 
Force Priority Work Item No. 5. September 1980. 141 p. 
Available from Calif. Dept. Fish and Game, Inland Fish. 
Div., 1416 9th St., Sacramento, CA. 95814. 

Maria, D., and B. Heubach. 1981. FY 1980 progress report. 
Task V. Salmon tagging and release monitoring. 
p. 7-12. P. M. Hubbell (ed.), Progress Report. 
Fishery Investigations - Trinity River. Trinity River 
Basin Fish and Wildlife Task Force Priority Work Item 
No. 5. Tasks 11, V and VII. December 1981. 23 p. 
Available from Calif. Dept. Fish and Game, Inland Fish 
Div., 1416 9th St., Sacramento, CA. 95814. 

. 1984a. FY 1981 progress report. 
Task V. Salmon tagging and release monitoring. 
p. 6-15. In: P. M. Hubbell (ed.), Progress Report. 
Fishery Investigations - Trinity River. Trinity River 
Basin Fish and Wildlife Task Force Priority Work Item 
No. 5. Tasks 11, V, VII. October 1984. 24 p. 
Available from Calif. Dept. Fish and Game, Inland Fish. 
Div., 1416 9th St., Sacramento, CA. 95814. 



Maria, D., and B. Heubach. 1984b. FY 1982 progress report. 
Task V. salmon tagging and release monitoring. 
p. 5-13. & P. M. Hubbell (ed.), Progress Report. 
Fishery Investigations - Trinity River. Trinity River 
Basin Fish and Wildlife Task Force Priority Work Item 
No. 5. Tasks 11, V. November 1984. 13 p. Available 
from Calif. Dept. Fish and Game, Inland Fish. Div., 
1416 9th St., Sacramento, CA. 95814. 

1984c. FY 1983 progress report. 
Task V. Salmon tagging and release monitoring. 
p. 1-11. & P. M. Hubbell (ed.), Progress Report. 
Fishery Investigations - Trinity River. Trinity River 
Basin Fish and Wildlife Task Force Priority Work Item 
No. 5. Task V. November 1984. 11 p. Available from 
Calif. Dept. Fish and Game, Inland Fish. Div., 1416 9th 
St., Sacramento, CA. 95814. 

Zuspan, M. 1991. Capture and coded-wire tagging of naturally 
produced chinook in the Trinity River Basin. Chapter 11. Job 
11. p. 24-33. In: Carpenter, R. and K. Urquhart (eds.), 
Annual Report of the Trinity River Basin Salmon and 
Steelhead Monitoring Project, 1988-1989 Season. August 1991. 
51 p. Available from Calif. Dept. Fish and Game, Inland 
Fish. Div., 1416 9th St., Sacramento, Ca. 95814. 

. 1992a. Capture and coded-wire tagging of naturally 
produced chinook in the Trinity River Basin. Chapter 11. Job 
11. p. 30-43. In: K. Urquhart (ed.), Annual Report of the 
Trinity River Basin Salmon and Steelhead Monitoring Project, 
1989-1990 Season. June 1992. 140 p. Available from Calif. 
Dept. Fish and Game, Inland Fish. Div., 1416 9th St., 
Sacramento, Ca. 95814. 

. 1992b. Capture and coded-wire tagging of naturally 
produced chinook in the Trinity River Basin. Chapter 11. Job 
11. p. 32-49. In: Urquhart, K., and R. Carpenter (eds.), 
Annual Report of the Trinity River Basin Salmon and 
Steelhead Monitoring Project, 1990-1991 Season. December 
1992. 186 p. Available from Calif. Dept. Fish and Game, 
Inland Fish. Div., 1416 9th St., Sacramento, Ca. 95814. 



AFpendix 1. L i s t  of J u l i s n  weeks and t h e i r  calerdar date equivaientf .  

Cslerdar dates Calendar dates 

Ju l ian  Ju l ian 
ueek S ta r t  Finish week S ta r t  Finish 

Ol-Jan 

O8.Je.n 

15-Jan 

22-Jan 

29-Jan 

05-Feb 

12-Feb 

19-Feb 

26-Peb 

05-Mar 

12-uar 

19-Mar 

26-Mar 

OZ-Apr 

09-Apr 

16-Apr 

23-Apr 

30-Apr 

07-May 

14-May 

21-May 

28-May 

04-Jm 

l l - J m  

18-Jm 

07- Jan 

14-Jan 

21-Jan 

28- Jan 

Ol-Feb 

l l -Peb 

18-Feb 

25-Feb 

(U-Mar 

l l -Mar 

18-Mar 

25-Mar 

Ol-Apr 

08-Apr 

15-Apr 

22-Apr 

29-Apr 

06-May 

13-May 

20-May 

27-May 

03-Jm 

10-Jm 

17-Jm 

24-Jm 

08-Jul 

15-Jul 

22-Jul 

29- Ju l  

05-Aw 

12-Aug 

19-Aw 

26-114 

02-Sep 

w-Sep 

16-Sep 

23-Ssp 

30-Sep 

07-Oct 

14-Oct 

21-Oct 

28-Oct 

(U -YOV 

l l - u o v  

18-NOV 

25-Yov 

02-Dec 

w-Dec 

16-Dec 

23.0% 

26 25-Jm Ol-Jul 52 y 2 4 - 0 s  31-DN. 

Eight-day ueek i n  each year d i v i s i b l e  by 4. 
Eight-day reek every year. 



Appendix 2. Summary of juvenile salmonid trapping in the Trinity River at the Lewiston Trapping Site, 
8 January through 9 April 1992. 

Chinook Coho Steelhead 
Julian Date Trap Mean 
week begun nights a1 Number FL (mm) CPUE hl Number CPUE bl Number CPUE b/ 

2 &Jan 1 40 39.3 40 0 0 I I 
3 15-Ian I 96 37.1 96 I 1 0 0 
4 22-Jan I 161 36.7 161 0 0 1 I 
5 29-Jan I 62 36.6 62 0 0 0 0 
6 05-Feb 1 56 42.7 56 0 0 3 3 
7 12-Feb 1 59 53.8 59 5 5 2 2 
8 19-Feb 1 257 45.9 257 2 2 22 22 
9 26 Feb 4 387 39.1 97 I 0 24 6 

10 05-Mar I 356 37.5 356 1 I 12 12 
I I It-Mar I 125 41.6 125 5 5 13 13 
12 19-Mar 0 
13 26-Mar 4 131 51.7 33 1 0 138 35 
14 02-Apr 0 
I5 09-Apr 1 102 61.6 102 0 0 19 19 

Totals: 18 1,832 16 235 

a/ Number of trap-nights allocated per week (ie. 2=2 traps11 night or 1 trap12 nights). 
b/ Weekly average catch per-trap per-night. 



Appendix 3. Summary of juvenile salmonid trapping in the Trinity River at the Ambrose Trapping Site, 
15 January through 26 March 1992. 

Chinook Coho Steelhead 
Julian Date Trap Mean 
week begun nights a1 Numher FL (mni) CPUE bl Number CPUE bl Number CPUE bl 

3 15-Jan 1 487 36.5 487 0 0 I 1 
4 22-Jan 28 4,741 36.8 I69 0 0 7 0 
5 29-Jan 3 511 37.2 170 0 0 1 0 
6 05-Feb 1 145 38.9 145 2 2 3 3 
7 12-Feb I 32 42.3 32 14 14 10 10 
8 19-Feb 1 112 39.7 112 9 9 1 I 
9 26-Feb 1 236 37.0 236 9 9 41 41 

10 05-Mar 15 2,913 39.1 194 3 1 2 449 30 
I I 12-Mar 37 3,277 44.6 89 247 7 1,005 27 
12 19-Mar 36 2,016 48.3 56 62 2 1,587 44 
13 26-Mar 20 1,632 cl 82 16 I 1,105 55 

Totals: 144 16,102 390 4,2 10 

a/ Number of trap-nights allocated per week (ie. 2=2 trapsll night or 1 trap12 nights). 
bl Weekly average catch per-trap per-night. 
cl Fork lengths not taken this week. 



Appendix 4. Summary of juvenile salmonid trapping in the Trinity River at the IIard Hat Trapping Site, 19 March 
through 30 April 1992. 

Chinook Coho Steelhead 
Julian Date Traa Mean 
week begun nights a1 Number FL (mm) CPUE bl Number CPUE bl Number CPUE bl 

I 12 19-Mar 2 102 52.1 5 1 0 0 2 I 

Totals: 114 38,817 14 810 

a1 Number of trap-nights allocated per week (it. 2 = 2  traps11 night or 1 trap12 nights) 
hl Weekly average catch per-trap per-night. 



Appendix 5. Summary of juvenile salmonid trapping in the Trinity River at the Sky Ranch Trapping Site, 15 January through 
21 May 1992. 

Chinook Coho Steelhead 
Julian Date Trap Mean 
week begun nights a1 Number FL (mm) CPUE bl  Number CPUE bl Number CPUE b l  

3 15-Jan 2 42 36.7 21 0 0 I 1 

Totals: 166 25,100 80 387 

a/ Number of trap-nights allocated per week (ie. 2=2  traps11 night o r  1 trap12 nights). 
bl Weekly average catch per-trap per-night. 
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by 
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ABSTRACT 

The California Department of Fish and Game's Natural Stocks Assessment Project 
monitored adult fall-run and winter-run steelhead (Oncorhvnchus mvkisa) 
migration at various weirs and estimated an escapement of 3,741 steelhead into 
the South Fork Trinity River basin during the 1991-1992 season. 

Based on the results of our creel survey in the two major areas accessible to 
the public, we estimated that 1,580 anglers fished within these areas and 
landed 224 adult fall-run and winter-run steelhead, two half-pounders, two 
juvenile steelhead, and five fall-run chinook salmon during the 1991-1992 
season. The angler harvest rate durlng the 1991-1992 season, in the entire 
South Fork Trinity River basin, was estimated from mail-returns of reward tags 
from adult fall-run and winter-run eteelhead. The sport harvest rate was 
estimated to be 20.2% (756 fish). 

Adult steelhead spawning stock surveys were conducted on 26 streams that are 
tributaries to the South Fork Trinity River and to Hayfork Creek. We surveyed 
134.4 km of stream, observed nine adult steelhead, and counted 262 redds. 

The characteristics of steelhead spawning habitat within the South Fork 
Trinity River basin were evaluated by measuring various physical and hydraulic 
parameters of eteelhead redds. Steelhead were found to spawn mostly in step- 
runs (42.89) and pools (36.7%). The average redd area was 1.24 m2 and the 
average redd depth was 23.1 cm. The average fish-nose water velocity and 
average mean water column velocity where redds were observed were 0.39 and 
0.42 m/sec, respectively. 

We captured 1,896 juvenile steelhead emigrating from the upper South Fork 
Trinity River basin and 7,127 from the Hayfork Creek basin. Peak emigration 
of Age O+ steelhead occurred during May and June 1992, while peak emigration 
of Age 0+ (young-of-the-year) chinook salmon occurred during May 1992. 

Juvenile eteelhead habitat utilization in Eltapom Creek, a tributary to the 
South Fork Trinity River, varied among age groups. During the fall 1991 
survey, Age O+ steelhead densities were highest in riffles and cascades, while 
in spring 1992 densities were the lowest in these two habitat types. A5e 1+ 
fish densities in the fall were highest in cascades and pools; in spring their 
densities were about equal in all habitats except runs, where densities were 
about 112 that in other habitats. 



JOB OBJECTIVES 

To determine the size, composition, distribution, and timing 
of the adult steelhead runs in the South Fork Trinity River 
basin. 

To determine the angler harvest of adult steelhead in the 
South Fork Trinity River basin. 

To determine the life history patterns of the South Fork 
Trinity River basin steelhead stocks. 

To determine the seasonal use made by juvenile steelhead of 
various habitat types within selected South Fork Trinity 
River tributaries. 

To describe relationships between habitat parameter and 
seasonal juvenile steelhead standing crops. 

INTRODUCTION 

The life histories of steelhead (Oncorhvnchus mvkiss) populations 
within the South Fork Trinity River (SFTR) basin (Figure 1) are 
of concern because population numbers are believed to have 
dropped significantly in the last 30 years; however, little data 
are available regarding juvenile steelhead life history patterns, 
adult steelhead run sizes, spawner distributions, sportfishery 
yields, and harvest rates. As a result of poor habitat 
management within the SFTR basin, the 1964 flood severely 
impacted the area, damaging or destroying spawning and rearing 
habitats through excessive sedimentation. A combination of human 
activities (i.e., road construction, timber harvest, and 
recreation) exacerbated by natural events (i.e., wildfire and 
flooding) continue to curtail steelhead production within the 
basin by degrading in-stream habitat quality. Restoration of 
salmon and steelhead habitat within the basin is a high priority 
of the Trinity River Basin Fish and Wildlife Task Force, the U.S. 
Forest Service (USFS [Shasta-Trinity National Forest]), and the 
California Department of Fish and Game (CDFG). These restoration 
efforts will be guided by the knowledge gained through this study 
of the current status of steelhead stocks, their habitat 
requirements, and their life histories. 

METHODS 

Use of Standard Julian Week 

Weekly sampling data collected by Project personnel at the weirs 
are presented in Julian week (JW) format. Each JW is defined as 
one of a consecutive set of 52 seven-day (weekly) periods, 
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beginning 1 January, regardless of the day of the week on which 
1 January falls. The extra day in leap years is included in the 
9th week, and the last day of the year is included in the 52nd 
week (Appendix 1). This procedure allows annual comparisons of 
identical weekly periods. 

Adult Steelhead Run Timing 

To assess the timing of the adult steelhead run into the SFTR 
basin, we trapped immigrant adult steelhead at the Sandy Bar Weir 
within the SFTR basin. The Sandy Bar Weir was located on the 
SFTR at river km (RKM) 2.4, and operated from 5 September 1991 
through 11 February 1992. The weir consisted of a series of 
panels, measuring 1.2 m high and 1.5 m wide constructed of 1.9-cm 
EMT (electrical metallic tubing) conduit with 3.2 cm horizontal 
bar spacing welded to angle iron frames. The panels were wired 
end to end and supported with metal fence posts. A trap (2.4 m 
wide x 2.4 m long x 1.2 m high), with sides constructed from the 
same weir panels, and flooring and top from marine plywood, was 
placed in the river thalweg with its fyke entrance facing 
downstream. The weir panels were tied in with the trap and 
extended outward across the river guiding upstream migrating fish 
into the trap. Small mesh netting was strung above the weir to 
prevent fish from jumping over. 

Each steelhead captured was examined for: 1) fin clips, 2) tags, 
3) gill net scars (nicks in the leading edges of dorsal and 
pectoral fins, sometimes combined with vertical white scars on 
the head), 4 )  hook scars (of ocean origin when healed, of 
freshwater origin when not healed), 5) predator scars (inverted 
'V8-shaped marks, usually on the underbody), and 6) other scars 
of unknown origin. Steelhead were measured to the nearest cm 
fork length (FL), and their sex recorded. A scale sample was 
removed from the left side of each weir-caught fish, in an area 
slightly posterior to the anterior insertion of the dorsal fin, 
just above the lateral line. Each scale sample was placed 
between waterproof paper within a coin envelope and labeled with 
collection date, collection site, method of collection, sex, and 
FL (cm) of the fish. 

All adult steelhead in good condition were marked with a 112 left 
ventral (LV) fin clip and a discretely numbered $10-reward anchor 
tag. To avoid excessive tagging mortality, we did not tag fish 
which were severely stressed by the weir capture and handling 
process, or those which appeared in generally poor physical 
condition. Tag recoveries were later used to estimate harvest 
rates and population abundance. Angler harvest rates were 
estimated from reward tag returns. The tags and clips were 
applied with the intention of computing a Petersen population 
estimate (Ricker 1975) based on the ratio of tagged to untagged 
fish observed in later recovery efforts (creel census and weirs 
for emigrant fish) . 



Creel Survey 

Angler effort and harvest information for fall- and winter-run 
steelhead within two areas of the SFTR basin was determined from 
a systematic stratified creel survey, conducted from 1 November 
1991 through 14 March 1992. The creel survey was conducted in 
two subsections of the lower SFTR basin (Figure 2). The lower 
survey area extended from the confluence of the SFTR with the 
main-stem Trinity River upstream for a distance of 22.5 km. The 
upper, Hyampom, area extended through the Hyampom Valley from RKM 
33.0 to RKM 50.7. These two creel survey areas cover the river 
reaches fished by the majority of anglers, as public access is 
limited outside of these two areas due to the lack of public 
roads. Angler access sites in each creel survey area were 
identified prior to the survey period. The creel survey was 
further stratified by JW (Appendix I), day (weekend/weekday), and 
time periods (am/pm: dawn to noon and noon to dusk, 
respectively). We extrapolated data for each stratum that was 
not surveyed by using average values for strata from equivalent 
sampling periods (i.e. for a missing weekday evening survey, the 
mean of all weekday pm8s in that JW). Estimated and actual data 
were combined to estimate total catch for the season in these 
areas. 

During the creel survey, clerks followed a set route based on a 
predetermined schedule, and monitored each access site for 
anglers. Anglers observed fishing during the survey periods were 
contacted and interviewed for hours fished that day, success, 
angling method, and county or state of residence. Sport-caught 
steelhead observed were measured (cm FL), and examined for fin 
clips and external tags. The number of any tag observed was 
recorded, the fish's sex determined, its spawning condition 
noted, and a scale sample taken. We classified steelhead < 25 cm 
FL as juveniles, 2 25 cm and < 35 cm as half-pounders, and 2 35 
cm as adults (Kesner and Barnhart 1972). Water clarity was 
measured with a secchi disk in designated pool areas in both 
sections daily. When the river was judged to be "unfishable" due 
to high turbidity, no survey effort was recorded. 

Tag Return and Steelhead Harvest Rates 

All reward tags from Sandy Bar Weir that we observed during the 
creel surveys were left with the angler for them to return to us 
by mail. This was done so that we could calculate an overall 
SFTR basin sport harvest rate for fall- and winter-run steelhead. 
We estimated the sport harvest rate from the percentage of $10- 
reward tags returned by anglers corrected for non-response, based 
on the following assumptions: 1) that all tagged fish caught in 
the sport fishery were recognized as such by anglers, 2) no tags 
were shed, and 3) there was no differential mortality between 
tagged and untagged fish. The percentage of reward tags caught 



LOCATION MAP 

igure 2. Locations of the two creel survey areas in the South 
~ r k  Trinity River basin surveyed during the 1991-1992 season. 



by anglers which were not returned to us (i.e., non-response 
rate) was estimated from the number of reward tags we observed 
during our creel surveys, and the number of those tags which were 
subsequently returned to us by mail. The estimated sport harvest 
rate was determined from the number of reward tags returned by 
anglers divided by the non-response rate and the :.umber of tags 
applied at the Sandy Bar weir. 

Spawner Surveys 

Project personnel conducted walking surveys of tributary streaas 
to the SFTR and Hayfork Creek to document steelhead spawning 
distribution and timing. The surveys were conducted from 3 April 
through 1 June 1992. The areas surveyed included: 1) tributaries 
to the SFTR and to Hayfork Creek in the Hyampom Valley area, 2) 
tributaries to the SFTR in the upper SFTR basin near the town of 
Forest Glen, and 3) tributarirs to Hayfork Creek near the town of 
Hayfork, and in the upper Haylark Creek drainage near the town of 
Wildwood (Figure 1). Specific creeks surveyed were selected to 
include those which historically attracted spawning steelhead, 
and to replicate areas examined in previous CDFG surveys (Miller 
1975; Mills and Wilson 1991; Rogers 1972, 1973; Wilson and 
Collins 1992; Wilson and Mills 1992). 

Most streams were surveyed twice. During the first survey, two 
people walked designated stream reaches recording the length and 
type of each habitat unit, and observing spawning behavior and 
individual redd locations. Each habitat unit was classified as 
either a cascade, pool, riffle, run, or step-run. Last year we 
did not distinguish step-run units from run units when recording 
habitat types, but we now believe that the characteristics of 
step-runs may be a very important factor in redd location. Redds 
were flagged with surveyor's tape, with the survey date and field 
notebook description number recorded on the tape. The tape was 
then attached to nearby structures (such as root-wads, shrubs, or 
bushes). During the second survey, redd characteristics (area 
and depth), site descriptions (substrate and cover composition), 
and stream conditions (water velocities) were compiled for 
individual redds. New redds established since the first survey 
were included. 

Steelhead Redd and Spawning Habitat Evaluations 

We characterized steelhead spawning habitat within the SFTR basin 
by measuring the physical and hydraulic parameters of redds we 
observed in spawning areas, and by recording the characteristics 
and quality of the substrate and associated cover. 

Length and width measurements were taken of each redd using a 
meter stick or tape measure. Length was measured from the head 
of the redd to the highest point of the tailspill, and width was 
measured perpendicularly across the widest point of the redd. An 



index of the surface area occupied by the redd area was 
calculated as the product of the length and width. Water depths 
were taken using a graduated top-setting wading rod and water 
velocities were measured with an electronic flow meter. Two 
separate water velocity measurements were taken: mean water 
column velocity (MWCV) and fish-nose water velocity (FNWV). MWCV 
measurements were taken 60% below the water surface and FNWV 
measurements were taken 0.12 m above the substrate. Redd 
substrate composition was determined by assessing the average 
size of the dominant and subdominant components, and the percent 
embeddedness of each (Hampton 1988) (Table 1). The water 
velocity measurements and the substrate analysis were all made 
approximately 0.15 m upstream of the redd in order to simulate 
prespawning hydraulic and substrate conditions. Distance to the 
closest cover, escape or resting place, was noted as well as the 
dominant habitat type in which the redd was located. 

Table 1. Criteria used to describe the size of dominant and 
subdominant spawning gravel substrate. 

Code Description Size range (mm) 

0 Fines < 4 

1 Small gravel 

2 Medium gravel 

3 Large gravel 

4 Small cobble 

5 Medium cobble 

6 Large cobble 

7 Small boulder 

8 Large boulder > 600 

9 Bedrock 

Adult Steelhead Recoveries at Emigrant Weirs 

Downstream emigrant weirs were assembled on lower Hayfork Creek 
near the town of Hyampom (8.0 river kilometers upstream from the 
SFTR confluence), on the SFTR near the town of Forest Glen 
(approximately 150 m below the Highway 36 bridge, RKM 89.6), and 



on the SFTR below the Hyampom Valley (off of Gates Road at RKM 
31.7) to capture post-spawning steelhead emigrating from the 
basin. Hereafter, these three weirs are referred to as the 
Hayfork Creek Weir, Forest Glen Weir, and the Gates Road Weir, 
respectively. We constructed Alaskan-style weirs at the Hayfork 
Creek and Forest Glen sites, and the CDFG's Trinity Fisheries 
Investigations Project constructed a weir-panel type weir at the 
Gates Road site on the SFTR. The Alaskan-style weirs were 
constructed using a series of panels 3.2 m high and 3.0 m long 
and supported by wooden tripods set 2 . 4  m apart and joined 
together to block the entire river. Each panel contained 1.9-cm 
EMT conduit pickets set 2 . 9  cm apart ( 4 6  per panel), secured 
through three aluminum channel sections on the face of the weir. 
A trap constructed of welded conduit panels and containing a fyke 
entrance was placed in the river thalweg. All steelhead 
recovered were: 1) measured (cm FL), 2) given a right operculum 
punch (ROP), 3) checked for spawning condition, tags, fin clips, 
and marks, 4) sampled for scales, and 5) released. 

In addition to the downstream (emigrant) traps, we also installed 
upstream (immigrant) traps at each weir to capture spring-run 
steelhead entering the SFTR basin. These fish were not tagged, 
but were given a 1/2 left ventral fin-clip (1/2LV) at the Gates 
Road Weir to prevent any later recounting at the other two 
upstream weirs. We had also given immigrant fall- and winter-run 
steelhead caught at the Sandy Bar Weir the same secondary mark 
(1/2LV). However, we believed that we could distinguish fall- 
and winter-run steelhead tagged and marked at the Sandy Bar weir 
from spring-run steelhead marked at the Gates Road Weir, based on 
the presence or absence of a tag or tag-scar, their sexual 
maturity, the general coloration and condition of the fish, and 
fin regeneration of the fall- and winter-run fish. 

SFTR Adult Fall-run and Winter-run Steelhead Escapement Estimate 

We estimated the adult fall- and winter-run steelhead escapement 
into the SFTR basin using the Petersen method of mark and 
recapture (Ricker 1975, p. 78, formula 3.7) by tagging adult 
steelhead at the Sandy Bar Weir and recovering them through the 
emigrant weirs (Hayfork Creek Weir, Forest Glen Weir and Gates 
Road Weir) and creel surveys. Spring-run steelhead at the 
emigrant weirs were differentiated from fall- and winter-run 
steelhead by their sexual maturity, coloration, and general 
condition. Confidence limits were calculated using the Poisson 
approximation method (Chapman 1948). 

Juvenile Steelhead Emigration Studies 

We monitored juvenile steelhead emigration patterns by 
systematically trapping at two sites within the SFTR basin in 
lower Hayfork Creek, 305 m upstream of its confluence with the 
SFTR, and in the SFTR upstream of its confluence with Hayfork 



Creek, within 0.4 km on either side of the Hyampom Road bridge at 
RKM 49.1 (Figure I). When flow conditions permitted, we trapped 
on a weekly basis throughout most of the year, but increased 
trapping frequency to every third night during the spring period 
of peak juvenile steelhead emergence 23 April - 22 July (JW 17- 
29). Juvenile steelhead were captured using fyke nets attached 
to trap boxes. The nets were constructed of 1.3-cm nylon mesh, 
had a 1.8-m x 2.4-m upstream opening and extended 10.1 m to a 
trap attachment frame at the terminal end. Trap boxes were 
constructed of marine plywood and hardware cloth, and measured 
0.8 m x 1.2 m at the opening and were 0.5 m deep. One or two 
fyke-net traps were fished overnight in the river or stream, for 
16 to 24 hour periods, and examined the following morning. 

Captured fish were identified to species and enumerated. The 
first 50 individuals of each species removed from the traps were 
measured for FL (mm), and scale samples were systematically taken 
from a maximum of 10 juvenile steelhead, at each trap site, each 
sampling day. Flows through the net were measured at the net 
opening, and total volume of stream flows were estimated to the 
nearest 0.03 m/sec using either a pygmy meter or a Marsh- 
McBirney" flow meter. Water temperatures were monitored using 
hand-held thermometers or digital recording thermographs. 

Habitat Use by Juvenile Steelhead 

Seasonal habitat use by juvenile steelhead was studied in Eltapom 
Creek (Figure 1) during fall 1991 (10-13 September) and spring 
1992 (8-12 June). Prior to sampling fish during each season's 
study, the creek was first surveyed and habitat-typed into 
individual units of the five basic habitat types: cascades, 
pools, riffles, runs, and step-runs. Our goal was to sample 1/3 
of the available habitat units. In September 1991 we sampled 24 
of 70 (34%) units and in June 1992 we sampled 26 of 71 (37%) 
units. Habitat units were randomly selected for sampling in 
proportion to the numeric abundance of each of the five basic 
habitat types. 

Sample units were isolated using block nets to prevent any 
immigration or emigration of fish, and then electrofished. We 
recorded air and water temperatures with hand-held thermometers, 
and water velocities (to the nearest 0.03 m/sec) for each 
individual habitat unit and took photos of each unit sampled. 
Water velocities were measured at 60% of the total depth from the 
surface along a line transverse to the flow at points 114, 1/2, 
and 3/4 of the way across the stream. Stream length and width 
were measured to the nearest 0.03 m in each habitat unit. 

I/ The use of brand names is for identification purposes only, 
and does not imply the endorsement of any product by the 
California Department of Fish and Game. 



All captured steelhead were counted, meas~red (mm FL), sampled 
for scales (first five fish per habitat unit), and then released. 
During the fall 1991 survey, fish ~ 8 5  mm were classified as Age 
0+, fish 86-150 mm as Age 1+, and fish >I50 mm as Age 2+. During 
the spring 1992 survey, fish (60 mm were classified as Age 0+, 
fish 61-150 mm as Age 1+, and fish >I50 mm as Aoe : . We wil. 
attempt to refine the age-length relationship throu h scale 
analysis. The relative age distribution was determined for fish 
from each basic habitat type, based on length frequencies. The 
data were in turn used to determine the relative densities of 
each age group in each habitat tvpe. T'e total number of 
juvenile steelhead present in the entire stream during each 
survey was then extrapolated, based on the available area. 

Last year we intended to use either the two-step or the Zippin 
method to estimate abundance (Hankin 1986, Price 1982). However, 
the two-step method proved unsatisfactory because in several 
cases more fish were caught on the second pass than the first, 
leading to negative abundance estimates. In addition, several 
other cases yielded equal numbers of fish on both passes, which 
leads to division by zero in the formula. The abundance 
estimates calculated last year using the Zippin method were 
identical to the tot?.l number of fish caught in most of the units 
sampled. Therefore, density estimates were based on the total 
number of fish caught, rather than on an estimated number of fish 
present. This year we have also decided to report density 
estimates just based on the total numDer of fish caught. 

We have conducted similar studies during fall 1989, 1990 and 1991 
and spring 1991 (Wilson and Collins 1992; Wilson and Mills 1992). 

RESULTS AND DISCUSSION 

Adult Steelhead Run Timing 

The Sandy Bar Weir operated from 5 September 1991 through 
11 February 1992, trapping 493 adult fall- and winter-run 
steelhead. The first steelhead was trapped on 5 October 1992 
(Figure 3). Steelhead entered the SFTR basin throughout this 
period. Imigration peaks occurred during late October, 
November, and January. We believe we monitored the entire fall- 
run population and most of the winter-run population of adult 
steelhead immigrating past Sandy Bar, although we know that the 
run continued after 11 February 1992 based upon immigrants 
trapped at our upper SFTR basin weirs (Hayfork Creek, Forest Glen 
and Gates Road weirs) later in the season. The timing of the 
steelhead runs seems to depend more on environmental conditions 
(storm events with accompanying high flows) than calendar dates. 
The periodic increases in steelhead capture numbers at the Sandy 
Bar weir directly coincided with storm events. 



Twenty-one of the 493 steelhead captured at the Sandy Bar Weir 
carried tags previously applied at the Willow Creek Weir; 612 
steelhead tags were applied at Willow Creek (personal 
communication, Michael Lau, Calif. Dept. Fish and Game). We 
tagged the remaining 472 fish with $10-reward anchor tags and 
gave all 493 steelhead 112 LV fin clips. Mean FL of all 493 
steelhead examined was 63 cm (Figure 4). Gillnet scars (20.1%) 
and predator scars (57.2%) were the most common scars seen on 
steelhead trapped at the weir (Table 2). Travel times for the 21 
fish previously tagged at the Willow Creek Weir ranged from one 
to 71 days, and averaged 27.5 days (Appendix 2). 

Creel Survey 

The creel survey was conducted on the SFTR between 1 November 
1991 and 14 March 1992, an interval of 135 days. The lower 
survey section (Figure 2) was monitored for angler activity on 
102 days and a creel survey conducted on 73 days of this period. 
The upper survey section was monitored for 135 days and a creel 
survey conducted on 93 days of this period. Creel surveys were 
not conducted when high flows made the river unfishable. The 
river in the lower survey section was subjectively judged to be 
"unfishableI1, due to high-flows and turbidity, after 11 February 
1992. At this point we ceased surveys in the lower section. The 
upper section was judged l'unfishable" for nine (9.6%) of the days 
it was monitored. 

During the survey, 283 anglers were interviewed, 13 (4.6%) within 
the lower section and 270 (95.4%) within the upper section. Peak 
angling activity (54.2%) was observed within the upper survey 
section at the Hayfork Creek mouth, Little Rock Campground, and 
Big Slide Campground, with the rest of the anglers1 effort 
distributed over a range of other sites. Of the 283 anglers 
interviewed, 48 were observed fishing at multiple locations on 
the same day. Each site of angling activity was counted, but an 
angler was not recounted when observed at a different location on 
the same day (Table 3). 

Forty-two adult steelhead and one adult chinook salmon were 
observed in the catch (10 steelhead and one chinook salmon in the 
lower section and 32 steelhead in the upper survey section). One 
half-pounder and one juvenile steelhead were also observed in the 
upper section. Eighteen of the 42 adult steelhead observed 
carried tags from Sandy Bar Weir (three in the lower survey 
section and 15 in the upper survey section). Based on 
extrapolations of the creel survey data, an estimated 79 anglers 
within the lower section landed 59 adult steelhead and five 
chinook salmon (Table 4), while an estimated 1,501 anglers within 
the upper section landed an estimated 165 adult steelhead, two 
half-pounder steelhead, two juvenile steelhead and no chinook 
salmon (Table 5). 
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Dates of Capture 

Figure 3. Daily catch of immigrant adult steelhead at the Sandy 
Bar Weir in the South Fork Trinity River from 5 September 1991 
through 11 February 1992. 

Fork Lenath (cm) 

Figure 4 .  Length frequency distribution of immigrant adult 
steelhead captured at the Sandy Bar Weir in the South Fork 
Trinity River from 5 September 1991 through 11 February 1992. 



Table 2. Scars and injuries observed on adult steelhead captured 
at the Sandy Bar Weir in the South Fork Trinity River between 5 
September 1991 and 11 February 1992. 

Number of Percent of Percent of 
fish with fish with total fish 

Scar or injury scars scars captured 

Gill net scars 5 6 20.1 11.3 

Freshwater hook scars 13 4.7 2.6 

Ocean hook scars 

Predator scars 

Scars of unknown origin - 3 1 11.2 6.3 

Totals: 278 100.0 

County of origin was tabulated for all 283 anglers. The majority 
(93.6%) of the anglers fishing within the SFTR basin were from 
Trinity county (Table 6). 

Excluding the unfishable days, water clarity ranged from 55 to 
150+ cm in the lower survey section and from 17 to 150+ cm 
in the upper survey section. Water temperatures ranged from 2.2 
to 13.3O C and averaged 7.2O C in the lower survey section, while 
the upper survey section ranged from 3.3 to 15.6O C and averaged 
7.8O C. 

Tag Returns and Steelhead Harvest Rates 

Fifty-three of the 472 tags applied at the Sandy Bar Weir were 
returned by anglers through the mail indicating a harvest rate of 
11.3%. However, only 10 of 18 tags observed in the creel survey 
were later returned by anglers indicating a response rate of 
55.6%. Dividing the number of tags returned through the mail by 
this response rate gives us a corrected tag return of 95.3 tags, 
yielding a corrected harvest rate of 20.2% for adult steelhead 
(95% Poisson confidence interval [C.I.] = 15% to 26%). 

Spawner Surveys 

Walking surveys were conducted throughout the SFTR basin between 
3 April and 1 June 1992 to document numbers and locations of 
spawning steelhead (Table 7). We surveyed and habitat-typed 
sections of 26 creeks (134.4 km total length), counted and 
flagged 262 redds, and observed nine adult steelhead. 



Table 3. Distribution of angler use among the various access 
sites surveyed in the creel survey of the South Fork Trinity 
River basin during the 1991-1992 season. 

River Analer 

Locat ion Km Mile Number Percent 

Lower Survey Section 

Sandy Bard 

Madden Creek/Sandy Bar" 

Holmes Farm/Bridge 

Todd Ranch 

Surprise Creek Area 

Uwer Survev Section 

Swinging Bridge 

Big Slide campground" 

Eltapom Creek Aread 

Upper Slide Creek 

Salmon Rock Area# 

Little Rock ~ampgroundd 

Mortensen propert9 

Saw Mill Site 

Way Property 

Hyampom Airstri+ 

Pelletreau Creek Mouth 

Old Bridge Site 

Church Access# 

Co. Maintenance Yardd 

Hayfork Creek Mouth# 

All Other Areas 

Totals 331 100.0 

g/ Forty-eight anglers were observed fishing at multiple 
locations on the same day. Although their angling activity was 
enumerated, they were not recounted as part of the total angler 
effort observed at a different location the same day (331 sites 
of angler activity - 48 anglers at multiple sites = 283. 
anglers). 



Table 4 .  South Fork Trinity River creel survey data, angler use 
and steelhead harvest estimates for the lower survey section 
during the 1991-1992 season. 

Julian Analer numbers Anoler hours 
Dates week 

Observed Estimated Observed Estimated 

10129-11/11 44-45 

11/12-11/25 46-47 

11/26-12/09 48-49 

12/10-12/23 50-51 

12124-01/07 52-01 

olloa-01/21 02-03 

Ol/22-02/04 04-05 

02/05-02/16 06-07 

02119-03/04 08-09 

03105-03/16 10-11 

Totals 

Steelhead 

Julian Adults a/ Half-~ounders b/ Juveniles c/ 
Dates & 

Observed Estimated Observed Estimated Observed Estimate4 

10129-11/11 44-45 8 50 0 0 0 0 

11/12-11/25 46-47 1 5 0 0 0 0 

11126-12/09 48-49 0 0 0 0 0 0 

12/10-32/23 50-51 0 0 0 0 0 0 

12124-01/07 52-01 1 4 0 0 0 0 

01/08-01/21 02-03 0 0 0 0 0 0 

Ol/22-02/04 04-05 0 0 0 0 0 0 

02105-02/18 06-07 0 0 0 0 0 0 

02119-03/04 08-09 - - - - - - 
- 03/05-03/16 10-11 - - - - - - - - - - - 

Totals 10 59 0 0 0 0 

g/ Adult steelhead are 2 35 cm, FL. 
b/ Half-pounder steelhead are > 25 cm and < 35 cm, FL. 
E /  Juvenile steelhead are < 25 cm, FL. 



Table 5. South Fork Trinity River creel survey data, angler use 
and steelhead harvest estimates for the upper survey section 
during the 1991-1992 season. 

Julian 
Dates week 

10/29-11/11 44-45 

11/12-11/25 46-47 

11126-12/09 48-49 

12/10-12/23 50-51 

12124-01/07 52-01 

Ol/O8-01/21 02-03 

01/22-02/04 04-05 

02/05-02/18 06-07 

02119-03/04 08-09 

03105-03/18 10-11 

Totals 

Jul ian 

Analer numbers 

Observed Estimated 

13 84 

2 5 120 

2 7 161 

4 3 206 

84 367 

23 109 

24 131 

6 77 

19 205 

6 4 1 

270 1501 

Anqler hours 

Observed Estimated 

12.5 65.4 

59.5 332.0 

24.5 133.1 

82.5 404.2 

129.5 552.8 

25.5 131.5 

34.0 180.3 

7.5 110.0 

34.0 298.0 

7.0 43.3 

416.5 2251.2 

Steelhead 

Adults a/ Half-~ounders bl Juveniles c/ 

Observed Estimated Observed Estimated Observed Estimated 

5 43 1 2 1 2 

4 14 0 0 0 0 

4 15 0 0 0 0 

11 5 7 0 0 0 0 

8 3 6 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

Totals 3 2 165 1 2 1 2 

a/ Adult steelhead are 35 cm, FL. - 
b/ Half-' :,under steelhead are 25 cm and < 35 em, FL. - 
c/ Juven ie steelhead are < 25 cm, FL. - 



Table 6. County of residence for anglers interviewed within the 
South Fork Trinity River basin during the 1991-1992 creel survey. 

County of origin Number Percent 

Trinity 265 93 -6% 

Sacramento 7 2.5% 

Humboldt 4 1.4% 

San Francisco 2 0.7% 

Nevada 1 0.4% 

Mariposa 1 0.4% 

San Diego 1 0.4% 

Tehama 1 0.4% 

Out-of-State 1 0.4% 

Total: 283 100.0% 

The East Fork of the South Fork Trinity River and Eltapom Creek 
contained the highest redd densities of all creeks surveyed (15.0 
and 10.0 reddslkm, respectively), followed by Plummer Creek and 
Smokey Creek (7.9 and 5.9 reddslkm, respectively). These same 
four creeks also had the highest observed densities last year. 
These areas of high redd concentration all had good spawning 
habitat and were contained in drainages that are fairly stable 
geologically, and have not been too adversely affected by logging 
activities or by the catastrophic 1964 flood. The lowest redd 
densities were found in the Hayfork Valley in creeks affected by 
livestock grazing or poor logging practices, both of which 
contribute to heavy siltation of the creeks. Most creeks in the 
SFTR basin show signs of progressive habitat degradation due to 
the sedimentation of stream systems, resulting in the loss of 
appropriate spawning gravel sites and the filling in of pools. 
The low-flow conditions during the past six years of drought has 
probably intensified the problem by restricting spawning to the 
more degraded areas of stream systems. 

HVamDOm Valley Area 

We surveyed seven tributaries to the SFTR and two tributaries to 
Hayfork Creek, all within the Hyampom Valley, between 8 April and 
1 June 1992. These surveys covered a total of 13.2 km of stream. 
We observed 23 redds and four live adult steelhead (Table 7 ) .  

Biq Creek. Big Creek, a small tributary to the SFTR (RICM 
42.8), is located 5.6 km downstream from the town of Hyampom. A 
natural barrier of cascades exists 0.8 km upstream from the 



Table 7 .  Steelhead spawner survey data for the South Fork 
Trinity River basin from 3 April through 1 June 1992. 

Survey dates 
Location 

Flrst Last 

Hyampom Valley 

Big Creek 4/10 -- 
Butter Creek 4/21 6/01 

Corral Creek 4/22 -- 
Eltapom Creek 4/08 5/18 

J Grouse Creek 4/27 5/07 

/~erlin Creek 4/16 5/22 

, Madden Creek 4/30 5/27 

Olaen Creek 4/09 5/13 

Pelletreau Creek 4/21 5/19 

Subtotals: 

Hayfork-Wildwood 

/ B i g  Creek 4/09 5/08 

Carr Creek 5/04 -- 
Dubakella Creek 4/24 -- 
E.F. Hayfork Creek 4/07 5/05 

Goods Creek 4/29 -- 
,'Hayfork Creek 4/22 5/29 

Lrttle Creek 5/07 5/21 

Phllpot Creek 4/08 -- 
Potato Creek 4/08 5/09 

Rusch Creek 4/23 5/13 

Salt Creek 4/15 5/23 

Tule Creek 4/03 5/11 

subtotals: 

Forest Glen 

E.P. South Fork 5/07 -- 
Plummer Creek 5/05 -- 
Rattlesnake Creek 5/01 5/29 

Silver Creek 5/12 -- 
Smokey Creek 5/13 -- 

Subtotals: 

Grand totals: 

Length New Redds Live 
No. of surveyed redds observed steelhead 
survevs t k m )  observed ver km observed 



confluence and a hydropower plant is located adjacent to the 
creek 30.5 m below the cascades. We surveyed the 0.8 km of Big 
Creek from the confluence to the barrier on 10 April 1992. The 
stream bed contains numerous pools and large boulders but lacks 
suitable spawning gravels to support much spawning activity. The 
only spawning area available is found in the gravels in front of 
the culvert exiting the powerhouse. One redd was observed there. 

Butter Creek. Butter Creek, a tributary to the SFTR (RKM 
54.2), is located 3.2 km south of the town of Hyampom. This 
creek contains areas of extreme bank sloughing in the lower 0.4 
km section due to early logging activities exacerbated by the 
floods of 1964 and 1986. However, most of the creek upstream of 
this area contains large holding pools and some areas of suitable 
spawning habitat. Butter Creek Falls exists 2.4 km from the 
confluence creating a natural barrier to anadromous fish passage. 
We surveyed the 2.4 km below the falls on 21 April and 1 June 
1992, counted five steelhead redds and observed two adult 
steelhead. 

Corral Creek. Corral Creek, a tributary to Hayfork Creek (RKM 
10.0), is located east of the town of Hyampom. Corral Creek is a 
medium-sized stream with mountainous headwaters which flows 
through a narrow, steep-sided canyon. A slide has created a 
complete barrier to anadromous passage 0.2 km from its confluence 
with Hayfork Creek. Watershed vegetation consists of dense 
stands of douglas fir, ponderosa pine, and mixed hardwoods. 
Cascades and pools are abundant but areas of suitable spawning 
gravel are scarce. We surveyed the lower 0.2 km of Corral Creek 
on 22 April 1992 but observed no redds or adult steelhead. 

Elta~om Creek. Eltapom Creek, a tributary to the SFTR (RKM 
40.9), is located 8.0 km north of the town of Hyampom and flows 
through a narrow canyon consisting of steep rock and oak covered 
slopes which were badly damaged by fire in 1987. Pools and 
spawning habitat are very common throughout, with spawning 
gravels in the upper reaches less compacted and more suitable for 
spawning than those in the middle and lower reaches. Pools are 
numerous and pool cover consists mostly of root-wad and bedrock 
structures. Riparian vegetation is fair, with creek canopy 
consisting mainly of alders. A waterfall exists 1.3 km from the 
confluence, creating a natural barrier to anadromous fish 
passage. We surveyed the lower 1.3 km of the creek on 8 April 
and 18 May 1992 and counted 13 redds. 

Grouse Creek. Grouse Creek, a tributary to the SFTR (RKM 
3 . 1 ,  is located north of the town of Hyampom. The stream has a 
complete barrier (Devastation Slide) to anadromous fish passage 
2.6 km from its confluence with the SFTR. The lower 2.6 km 
section has a high gradient, and the few areas containing 
available spawning gravel are highly cemented with sediment. A 
geological assessment of the Grouse Creek barrier was completed 



by the U. S. Forest Service, Lower Trinity River Ranger District 
in 1989 and indicated that rearing conditions above the barrier 
for juvenile salmonids are fair to good. We surveyed the lower 
1.6 km of Grouse Creek on 27 April and 7 May 1992 but counted no 
redds or adult steelhead. 

Kerlin Creek. Kerlin Creek, a tributary to the SFTR (RKM 
44.3), is located in the Hyampom Valley. Kerlin Creek flows 
through a gulch with highly eroded cliffs approximately 5.0 m in 
height. Many of the riparian trees along the creek are undercut 
and in the streambed. The stream substrate is composed 
predominately of cobbles, mostly about 30 cm in their largest 
dimension. Kerlin Creek contains no suitable pool habitat and 
the spawning gravel generally suffers from heavy siltation aihd 
sedimentacion. We surveyed the lower 2.4 km of Kerlin Creek on 
16 April and 22 May 1992, and observed one redd but no adult 
steelhead. 

Madden Creek. Madden Creek, a tributary to the SFTR (W 2.4), 
is located just west of the town of Salyer and south of the town 
of Willow Creek. The creek flows through a steep and heavily 
forested drainage, with anadromous fish habitat confined to the 
lower 1.9 km. The drainage has experienced extensive timber 
harvest and fine sediments are accumulating in the watershed. We 
surveyed Madden Creek from the mouth upstream for 1.9 km on 30 
April and 27 May 1992, but observed no redds or adult steelhead. 

Olsen Creek. Olsen Creek, a tributary to Hayfork Creek (RKM 
0.6), is located just east of the town of Hyampom. The USFS has 
put in numerous fish habitat improvement structures in this 
system, but spawning habitat is limited. The upper 2.4 km 
section runs through a steep narrow canyon containing numerous 
falls ranging between 1.1 and 4.6 m in height, which may be 
natural barriers to anadromous fish passage. Two debris 
blockages in the lower 0.8 km which were believed to be complete 
barriers in past years, except during very high flow conditions, 
were removed by the California Conservation Corps (CCC) prior to 
this year's survey. We surveyed the lower 1.8 km of the creek on 
9 April and 13 May 1992, and observed three redds and two live 
adult steelhead. 

Pelletreau Creek. Pelletreau Creek, a tributary to the SFTR 
(RKM 46.7), is located west of the town of Hyampom. Only the 
uppermost section contains adequate holding pools, while the 
remainder of the creek is composed mainly of a cemented gravel 
substrate, unsuitable for spawning. This creek was severely 
damaged by the 1964 flood and is reported to have 10.7 m of 
gravel sitting on top of the original creek bed in this lower 
section. Pelletreau Creek contains a cascade barrier to 
anadromous fish passage 0.8 km upstream from its mouth. Although 
this is a perennial stream, complete water diversion during 
summer months leaves the lower 0.3 km section dry. We surveyed 



the lower 0.8 km of the creek on 21 April and 19 May 1992, and 
observed no redds. 

Havfork Creek Basin near Havfork and Wildwood 

We surveyed 12 tributaries to Hayfork Creek, plus parts of the 
mainstem of Hayfork Creek between 3 April and 29 May 1992. These 
surveys covered a total of 96.7 km of stream, and we observed 94 
redds and counted four adult steelhead (Table 7). 

Bia Creek. Big Creek, a major tributary to Hayfork Creek (RKM 
43.8), is located in the Hayfork Valley east of the town of 
Hayfork. This creek has been very productive in the past, with 
spawning gravel fairly abundant in the middle and upper survey 
sections. Pools are common, and riparian vegetation is medium to 
dense. The USFS and California Conservation Corps (CCC) crews 
have installed numerous fish habitat enhancement structures in 
this creek. During the winter months, the habitat is excellent. 
However, a property owner diverts most of the creek for watering 
livestock pastures during the rest of the year. The water 
diversions are located 2.4 km and 4.8 km upstream from the 
confluence with Hayfork Creek, and limit the habitat for fish in 
this lower section. We surveyed the lower 14.0 km of the creek 
between 9 April and 8 May 1992, counted 53 redds and observed one 
adult steelhead. 

Carr Creek. Carr Creek, a tributary to Hayfork Creek (RKM 
47.8), flows through part of the upper Hayfork Valley. This 
valley section is heavily impacted by livestock, the riparian 
zone is heavily grazed, and cattle crossings are numerous, 
causing heavy suspended sediment throughout the section. Beaver 
dams are numerous throughout the creek, with one causing a total 
fish passage barrier below the Double G Ranch. Spawning habitat 
is limited, pools are small (most less than 1.0 m deep) and 
several low water barriers exist. We surveyed the lower 4.3 km 
of Carr Creek on 4 May 1992 and observed no redds or adult 
steelhead. 

Dubakella Creek. Dubakella Creek, a tributary to upper Hayfork 
Creek (FUQl 78.4), is located south of the town of Wildwood. The 
upper 2.1 km section flows through a steep narrow canyon 
containing mostly cascades with accompanying high-velocity flows. 
The slope gradient levels out in the lower 1.1-km section, but 
sections with spawning gravel are limited. Large and small woody 
debris cover is abundant throughout this stream system and the 
riparian zone vegetation consists primarily of alders. We 
surveyed the lower 1.6 km of the creek on 24 April 1992 and 
observed no redds or adult steelhead. 

East Fork of Havfork Creek. The East Fork of Hayfork Creek, a 
major tributary to Hayfork Creek (RKM 58.2), is located north of 
the town of Wildwood. The creek is very rocky in many areas, but 



does contain areas of good spawning habitat, mainly where the CCC 
crews have built spawninq gravel recruitment structures. Most of 
the spawning activity we noted has occurred in the latter areas. 
The upper 3.2-km section contains numerous pools and riffles, and 
areas of spawning gravel are abundant. The remaining 4.2 km, 
from the East Fork Road bridge to its confluence with Hayfork 
Creek, is a steady, declining gradient containing fast-moving 
water and little spawning habitat. The primary riparian zone 
consists of alders and willows. Secondary growth consists of 
cedars, firs, and pines. Most of the basin has been 
hydraulically mined. These operations are most evident in the 
main basin in the form of large tailing piles. In general, 
nearly all of the East Fork of Hayfork Creek drainage has been 
altered from its natural topography. We surveyed 8.4 km of the 
East Fork of Hayfork Creek on 7 April and 5 May 1992, from its 
confluence with Hayfork Creek to the confluence with the North 
Fork of the East Fork of Hayfork Creek, observing 5 redds. 

Goods Creek. Goods Creek, a tributary to Hayfork Creek (RKM 
4 5 . 6 ) ,  is located near Wildwood. Steelhead habitat was poor due 
to the low flow conditions, spawning areas were limited, and 
creek sedimentation was heavy. A beaver dam, which caused a 
barrier to anadromous fish migration in 1990, had been removed. 
We surveyed the lower 1.4 km on 29 April 1992, and observed no 
redds . 
Havfork Creek. Hayfork Creek is the major tributary to the 

SFTR (RKM 30.1). Most of the creek above the Hayfork Valley is 
composed of boulders and large rubble unsuitable for spawning. 
Some upper reaches of Hayfork Creek contain a few areas of 
suitable spawning habitat, but beaver dams are creating a serious 
siltation and sedimentation problem resulting in cemented 
gravels. The section flowing through the Hayfork Valley contains 
a minimal amount of spawning gravel, but the habitat is poor, 
with little or no cover, very few pools, and warm water 
temperatures in the summer. We surveyed sections from the upper 
Hayfork Valley at the Dubakella Creek confluence to the 
confluence of the SFTR in those areas that were accessible and 
where we knew spawning habitat existed. We surveyed 31.1 km of 
the creek between 22 April and 29 May 1992, and counted 10 redds 
and two adult steelhead. 

Little Creek. Little Creek, a tributary to Hayfork Creek (FXM 
29.0), is located west of the town of Hayfork. The USFS has 
constructed habitat improvement structures in the stream, and 
there are areas of suitable spawning habitat. We surveyed the 
lower 2.3 km of the creek between 7 May and 21 May 1992, and 
counted four redds and one adult steelhead. 

Phil~ot Creek. Philpot Creek, a tributary to Salt Creek (RKM 
11.1), is located in the Hayfork Valley. It is composed of long 
stretches of bedrock substrate and contains some areas of 



suitable spawning gravels. A dense canopy of riparian vegetation 
makes walking the stream in its lower section impossible. We 
surveyed the lower 2.1 km of the creek on 8 April 1992 and 
counted no redds. 

Potato Creek. Potato Creek, a tributary to East Fork of 
Hayfork Creek (RKM 3.1), flows through an extremely steep-sided 
basin in the upper reaches, which gradually moderates toward its 
mouth. The streambed itself is also very steep with cascades 
becoming frequent 2.4 km upstream from its confluence with East 
Fork of Hayfork Creek. Potato Creek flows in a northerly 
direction surrounded by moderately dense stands of douglas fir, 
alder, and maple. Spawning gravels are less abundant in the 
upper reaches, however, juvenile rearing habitat is available. 
We surveyed the lower 2.4 km on 8 April and 9 May 1992, and 
counted one redd. 

Rusch Creek. Rusch Creek, a tributary to Hayfork Creek (FUZM 
28.5), is located west of the town of Hayfork. This is a 
perennial stream running through mountainous terrain with fairly 
dense shade canopy provided by Douglas fir, yew trees, bigleaf 
maple, and alder trees. The creek contains numerous fish habitat 
improvement structures for bank stabilization, pool scouring, and 
spawning gravel recruitment, but spawning habitat is very 
limited. The upper 3.2 km are very steep, with many cascades and 
no spawning habitat present. Steelhead rearing habitat was fair 
throughout the creek. Pools were primarily boulder- and log- 
formed, with pool cover provided mostly by rock and woody debris. 
Several complete and low-flow barriers were noted 6.0 km from the 
confluence. We surveyed the lower 6.0 km of the creek between 23 
April and 13 May 1992, and counted no redds. 

Salt CreeK. Salt Creek, a major tributary to Hayfork Creek 
(RKM 37.0), runs through the Hayfork Valley. The lower section 
flows through pasture land where the creek is very open and 
exposed, and steelhead habitat is poor. Some pools are present 
but are lacking in cover, with the riparian vegetation consisting 
of alders and willows. The upper and middle sections contain 
better habitat with deeper pools and a denser canopy. Spawning 
habitat exists, but many of these areas are located within 
pastures and contain numerous cattle crossings, disturbing 
available spawning areas. Riparian vegetation is also heavily 
grazed, reducing cover and increasing sun exposure. We surveyed 
Salt Creek from its mouth upstream for 17.1 km between 15 April 
and 23 May 1992, and counted 8 redds. 

Tule Creek. Tule Creek, a tributary to Hayfork Creek (RXM 
35.9), flows through the Hayfork Valley. Spawning habitat in the 
lower section is poor, due to a clay hardpan substrate. The 
upper section contains many large, deep pools, and spawning 
habitat is more readily available. Primary riparian cover is 
alders and oaks. CDFG personnel removed a beaver dam located in 



the lower 4.0 km, which was a low-flow barrier during spring 
1990. We surveyed the lower 6.0 km of the creek on 3 April and 
11 May 1992, and observed thirteen redds. 

UuDer South Fork Trinitv River Basin near Forest Glen 

We surveyed five tributaries to the SFTR in the upper SFTR basin 
area between 1 and 29 May 1992. These surveys covered 24.5 km of 
stream, and we observed 145 redds and one adult steelhead (Table 
7) - 
East Fork of the South Fork Trinity River. The East Fork of 

the SFTR, (RKM 118.0), is located in the Yolla Bolla region south 
of Highway 36. The upper 3.2-km section flows through a rugged, 
steep-sided canyon and is composed mostly of riffles and runs, 
while the lower section levels out into a low-gradient stream 
that is composed predominantly of cascades and large, deep pools. 
Spawning gravels were found throughout the surveyed section. We 
surveyed the lower 5.2 km on 7 May 1992, and counted 78 redds. 

Plummer Creek. Plummer Creek, a tributary to the upper SFTR 
(RKM 70.3), flows through a steep-sided canyon. Firs and alders 
dominate the canopy, while aquatic and riparian vegetation 
provide plentiful stream cover. Spawning gravels were plentiful 
and located mainly at the ends of pools. Few runs were observed 
due to the fairly steep gradient of this section. Many of the 
firs growing on the canyon slopes were burned during the Friendly 
Fire of 1987. A slide which dammed the stream and was then blown 
out with high flows is located approximately 1.2 km above the 
confluence with the SFTR. The quality of habitat below the slide 
is poorer than that above; pools in the lower reach are filled 
in, riparian vegctation has been removed, and spawning gravels 
show signs of sedimentation. Our survey crew was of the opinion 
that the slide occurred after the fire. We surveyed the lower 
3.4 kin of Plummer Creek on 5 May 1992, and counted 27 redds. 

Rattlesnake Creek. Rattlesnake Creek, a tributary to the SFTR 
(RXM 91.7), is located in the Forest Glen area. The upper and 
middle sections contain spawning habitat, but the lower section 
is composed mainly of cascades and very large pools. We surveyed 
the lower 10.6 km of the creek on 1 and 29 May 1992, and counted 
19 redds and one adult steelhead. 

Silver Creek. Silver Creek, a tributary to the SFTR (RKM 
102.7), is located south of Forest Glen in a very steep-sloped, 
mountainous region. Spawning habitat is not abundant, but 
juvenile steelhead habitat is good throughout the survey reach. 
High-gradient cascades are prevalent in the lower section. We 
surveyed the lower 2.4 km of the creek on 12 May 1992, and 
observed four steelhead redds. 



smokev Creek. Smokey Creek, a tributary to the SFTR (RKM 
104.1), is located south of Forest Glen. Smokey Creek is 
characterized by a wide floodplain with abundant spawning habitat 
and large pools. We surveyed the lower 2.9 km of the creek on 
13 May 1992, and observed 17 redds. 

Steelhead Redd and Spawning Habitat Evaluations 

We studied 262 steelhead redds throughout the SFTR basin during 
the 1991-92 season to assess their associated habitat and 
substrate components, and to measure the physical and hydraulic 
characteristics of each individual redd. We found redds in four 
basic habitat types: pools, riffles, runs, and step-runs. Fifty 
percent of the total stream length in the basin we surveyed 
consisted of step-runs. Pools, riffles, and runs each comprised 
about 16% of the basin stream-lengths surveyed (Figure 5). Most 
(42.8%) of the redds we observed were located in step-runs. 
However, steelhead also seemed to have the preferred the pool- 
riffle interchange (riffle-crest) at the tail of pools for 
spawning, because while pools comprised only 15% of the available 
habitat (based on stream length), 36.7% of the redds observed 
were found in these riffle-crest areas of pools (Figure 6). 
Riffles and runs each accounted for about 10% of the redds 
observed. 

The average redd area was 1.24 m2 (Figure 7) and the average redd 
depth, measured 0.15 m upstream of the redd depression, was 23.1 
cm (Figure 8). Average fish-nose water velocity (Figure 9) and 
mean water column velocity (Figure 10) were 0.39 and 0.42 m/sec, 
respectively. 

The composition of the substrate provides information on the 
stream's suitability for spawning, insect production, and 
instream cover (Hunter 1991). Of the steelhead redds evaluated, 
the dominant and subdominant substrate components in about 90% of 
the redds consisted of medium gravel (25-50 mm), large gravel 
(50-75 mm) and small cobble (75-150 mm) in various combinations 
(Table l), with an average embeddedness in the 20-29% category 
(Table 8). Embeddedness is the extent to which the larger 
substrate particles, such as boulders, cobbles, or gravels, are 
surrounded or covered by fine sediment. Current research 
indicates that when the substrate becomes more than 30% to 40% 
embedded, there is an accompanying loss of spawning habitat 
(Hunter 1991). However, this measure is very subjective and a 
more quantitative procedure would be beneficial. Another factor 
which may be important to steelhead in their selection of 
spawning sites is the availability of cover; 85% of the redds we 
observed were associated with boulders, small woody debris, large 
woody debris, and undercut banks (Table 9). Additional study and 
analysis of SFTR steelhead redds is needed to determine what 
spawning habitat components the fish are selecting. This 
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Figure 5. Distribution of the total length of streams surveyed 
among the habitat types observed within the South Fork Trinity 
River basin during the 1991-1992 season. 
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Figure 6. Relative frequency distribution of steelhead redds 
observed within habitat types in the South Fork Trinity River 
basin during the 1991-1992 season. 
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?iqure 7. Frequency distribution of the index of surface area 
for 253 steelhead redds examined within the South Fork Trinity 
iiver basin during the 1991-1992 season. 
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;Figure 8.  Frequency distribution of water depths measured 0.15 m 

I upstream of 181 steelhead redds observed within the South Fork 
,Trinity River basin during the 1991-1992 season. 



Fish-Nose Water Velocity (mlsec) 

Figure 9. Frequency distribution of the fish-nose water velocity 
observed at 181 steelhead redds within the South Fork Trinity 
River basin during 1991-1992 season. 

M e a n  Water Column Velocity (mjsec) 

Figure 10. Frequency distribution of the mean water column 
velocity observed at 181 steelhead redds within the South Fork 
Trinity River basin during the 1991-1992 season. 



Table 8. Dominant and subdominant substrate composition and 
embeddedness of substrate components from steelhead redds 
observed in the South Fork Trinity River basin during the 1991-92 
season. 

Dominant Subdominant 

Code Substrate Observed Percent Observed Percent 

0 Fines 1 0.4% 1 0.4% 

1 Small gravel 11 4.3% 6 2.4% 

2 Medium gravel 61 24.1% 7 5 29.6% 

3 Large gravel 142 56.1% 86 34.0% 

4 Small cobble 3 6 14.2% 6 7 26.5% 

5 Medium cobble 0 0.0% 9 3.6% 

6 Large cobble 2 0.8% 7 2.8% 

7 Small boulder 0 0.0% 2 0.8% 

8 Large boulder 0 0.0% 0 0.0% 

9 Bedrock - 0 0.0% 0 0.0% 

Totals: 253 100.0% 253 100.0% 

Number Percent 
Level of of redds of 

Code embeddedness observed total 

90% - 100% 
Totals: 



Table 9. Dominant and subdominant cover habitat or vegetation 
associated with steelhead redd sites examined in the South Fork 
Trinity River basin during the 1991-1992 season. 

Dominant Subdominant 

Code Cover type Observed Percent Observed Percent 

No cover 

Cobble 

Boulders 

Small woody debris 

Large woody debris 

Undercut bank 

Overhanging 
vegetation 

Aquatic vegetation 

Totals: 

Oualitv of cover 

Poor 

Fair 

Good 

Excellent 

Totals: 

Observed Percent 

information, together with stream-by-stream assessment of habitat 
condition and spawning activity, is needed to help determine the 
basin's capacity to support steelhead spawning and production. 
This information will also help to direct and evaluate habitat 
restoration efforts. 

Adult Steelhead Recovery at Emigrant Weirs 

Project personnel operated two Alaskan-style weirs during the 
season to recover post-spawning, emigrant adult steelhead. The 
Hayfork Creek Weir was operated for 77 days, from 28 March 
through 24 June 1992 (Figure 11). The Forest Glen Weir operated 
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Figure 11. Daily catches of post-spawning (emigrant) fall- and 
winter-run adult steelhead at the Hayfork Creek Weir in the South 
Fork Trinity River basin from 29  March through 24 June 1992. 
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Figure 12 .  Daily catches of post-spawning (emigrant) fall- and 
winter-run adult steelhead at the Forest Glen Weir in the South 
Fork Trinity River basin from 27 March through 3 August 1992. 



for 128 days, from 27 March through 3 August 1992 (Figure 12). 

In addition to our two weirs, CDFG's Trinity Fisheries 
Investigations Project personnel operated the Gates Road Weir 
(weir-panel-style) downstream from our two weirs on the SFTR at 

FXM 31.7 for 70 days, from 28 April through 7 July 1992 (Figure 
13). 

We captured 251 emigrant fall- and winter-run steelhead in the 
three weirs: 60 in the Hayfork Creek Weir, 160 in the Forest 
Glen Weir, and 31 in the Gates Road Weir. Twenty of these fish 
had been tagged at the Sandy Bar Weir, and the remaining 231 were 
unmarked. Of the 251 fish trapped at the three emigrant weirs, 
122 (49%) were male, 127 (51%) were female, and 2 were of unknown 
sex. Mean FL for males was 63.4 cm, (range: 45-77 cm), and 61.5 
cm for females (range: 41-77). Mean FL for all fish was 62.3 cm 
(range: 41-77 cm) (Figure 14). 

Eighteen immigrant spring-run steelhead were captured in the 
immigrant traps (which were a part of the emigrant weirs): 
none in the Hayfork Creek Weir, three in the Forest Glen Weir, 
and 15 in the Gates Road Weir (Figure 15). Five fish were male 
and 13 were female. Mean FL for males was 57.2 cm (range: 51-64 
cm) and 58.2 cm for females (range: 49-67 cm). Mean FL for all 
fish was 57.9 cm (range: 49-67 cm) (Figure 16). 

Adult Steelhead Escapement Estimate 

Of the 493 fall- and winter-run steelhead tagged, fin-clipped, 
and released at the Sandy Bar Weir between 5 September 1991 and 
11 February 1992, only 38 were recovered: 18 in the creel 
surveys, 11 at the Hayfork Creek Weir, nine at the Forest Glen 
Weir, and none at the Gates Road Weir. 

Two hundred fifty-seven unmarked steelhead were also recovered: 
26 through creel surveys, 49 at the Hayfork Creek Weir, 151 at 
the Forest Glen Weir, 31 and at the Gates Road Weir. Based upon 
these numbers, an estimated 3,741 adult steelhead (95% Poisson 
C.I.= 2,749-5,260) escaped into the SFTR basin during the 1991- 
1992 season. 

Although the tagging weirs were an effective method of assessing 
steelhead run-size and run-timing this year, they cannot always 
be relied on. This was the sixth dry water-year in a row, but 
unpredictable weather and high river flows make weir operation in 
the winter difficult or impossible during most normal and wet 
water-years. Since our weirs cannot be operated under high-flow 
conditions, we may not be able to monitor the entire run during 
normal and wet water-years; therefore, we need to determine if 
alternative methods are available to gather this type of 
information. 
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Figure 13. Daily catches of post-spawning (emigrant) fall- and 
winter-run adult steelhead at the Gates Road Weir from 28 April 
through 7 July 1992. 

Fork Length (cm) 

Figure 14. Length frequency distribution of post-spawning 
(emigrant) fall- and winter-run adult steelhead trapped at the 
Hayfork Creek, Forest Glen and Gates Road weirs in the South Fork 
Trinity River basin from 27 March through 3 August 1992. 
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Figure 15.  Daily catches of immigrant, spring-run adult 
steelhead at the Forest Glen and the Gates Road weirs in the 
South Fork Trinity River from 27 March through 3 August 1992. 
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Figure 16. Length frequency distribution of immigrant, spring- 
run adult steelhead at the Forest Glen and Gates Road weirs from 
27 March through 3 August 1992. 



Juvenile Steelhead Emigration Studies 

From 1 July 1991 through 30 June 1992, we captured 8,904 Age 0+, 
114 Age 1+, and 5 Age 2+ steelhead, and 241 juvenile chinook 
salmon at the Hayfork Creek and SFTR juvenile out-migrant 
trapping sites (Figure 1, Table 10). The peak emigration at 
these sites of Age O+ steelhead occurred during May and June 
1992, while peak emigration of Age O+ chinook salmon occurred 
during May 1992. Age O+ steelhead were more abundant in Hayfork 
Creek and chinook salmon were more abundant in the SFTR (Table 
10). The mean FL of Age O+ steelhead from the 1991 brood year 
(BY) increased from 51 mm in July 1991 to 73 nun by December 1991. 

The mean FL of weekly samples of Age O+ steelhead from the 1992 
BY increased from 30 mm during early April 1992 to 54 mm by June 
1992 (Table 11). Mean FLfs of weekly samples of Age 1+ steelhead 
ranged from 91 to 129 mm, and Age 2+ steelhead ranged from 152 to 
214 mm (Table 11). Mean FLts of weekly samples of juvenile 
chinook salmon from the 1992 BY ranged from 56 to 76 nun (Table 
11). 

Habitat Use by Juvenile Steelhead 

Juvenile steelhead utilization of the five basic habitat types we 
used for habitat typing, was evaluated in Eltapom Creek during 
fall 1991 (10-13 September) and spring 1992 (8-9 June). During 
fall 1991 we identified 70 individual habitat units consisting 
of: 2.9% cascades, 40.0% pools, 34.3% riffles, 11.4% runs, and 
11.4% step-runs. We selected 24 of these units to sample: 
1 cascade, 9 pools, 8 riffles, 3 runs, and 3 step-runs. During 
spring 1992 we identified 71 individual units: 2.8% cascades, 
38.0% pools, 15.5% riffles, 14.1% runs and 29.6% step-runs. We 
selected 26 of these units to sample: 1 cascade, 10 pools, 
4 riffles, 4 runs, and 7 step-runs. During spring 1992 many of 
the riffles observed the previous fall were reclassified as step- 
runs. The average depth, from all habitat units combined, 
increased from 23 cm in the fall to 30 cm in the spring, and 
average water velocity increased from 0.20 m/sec to 0.95 m/sec. 
The mean water and air temperatures as measured by a hand-held 
thermometer during the fall survey were 15.0" C and 17.3O C, 
respectively. During the spring mean water and air temperatures 
were 15.4O C and 23.7O C, respectively. During the fall 1991 
survey, we estimated the standing crop of juvenile steelhead at 
3,055 fish composed of: 86% Age 0+, 11% Age 1+, and 3% Age 2+ 
fish (Table 12). The hiahest densities of Aae O+ fish were 
obser;ed in riffles (0.7; f ish/m2) and cascad-es (0.62 fish/m2 
followed by step-runs and pools (0.39 and 0.30 fish/m2, 
respectively). The highest densities of Age 1+ fish were in 
cascades and pools (0.10 and 0.09 fish/m2, respectively), 
followed by riffles and step-runs (0.06 and 0.05 fish/m2, 
respectively), with the lowest densities observed in runs (0 



Table 10. South Fork Tr in i ty  River bas in  juveni le  salmonid trapping summary for the  1991-92 season. 

Numbers Trapped 

Hayfork Creek South Fork Trin i ty  River 

Steelhead Chinook Steelhead chinook 
Jul ian  

Year o a t e s  week Age O+ Age 1+ Age 2+ Age O+ Age O+ Age 1+ Age 2+ Age O+ 

(continued) 
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Table 11.  Fork lengths of bi-weekly samples of juvenile steelhead and chinook salmon captured within the 
south Fork Trinity River basin during the 1991-92 season. 

Steelhead Chinook Salmon 

Age O+ Age 1+ Age 2+ 

Fork length Fork length Fork length Fork length 
(m)  (M) (M) (-) 

Julian 
Year Dates weeks N Mean Min Max N Mean Hin Max N Mean Min Max N Mean Hin Max 

a/ = Not sampled. - 



Table 12. Juvenile steelhead habitat utilization observed in 
Eltapom Creek during fall 1991 ( 1 0 - 1 3  September). 

Number E s t  h a t e d  
of  T o t a l  Area N o .  Mean f i s h  p e r  

H a b i t a t  h a b i t a t  a v a i l a b l e  sampled o f  d e n s i t y  a v a i l a b l e  
type6 u n i t s  a r e a  (in1) (m2) Age f i s h  (Fishfm-) area 

Cascades  2 75.25 67.82 O+ 42 0.62 47 

1+ 7 0.10 8 

2+ 1 0.01 1 

A l l  5 0 0.74 5 5 

P o o l s  28 1,720.40 476.82 O+ 144 0.30 520 

I +  42 0.09 152 

2+ 18 0.04 6 5 

A l l  204 0.43 736 

R i f f l e s  2 4 2,007.63 604.52 O+ 475 0.79 1 ,577 

1+  3 4 0.06 113  

2 + 6 0.01 20 

A l l  515 0.85 1 .710 

Runs 8 768.59 352.10 O+ 67 0.19 1 4 6  

1+  6 0.02 1 3  

2 + 0 0.00 0 

A l l  7 3 0 .21  159 

T o t a l :  70  5,456.50 1 ,943.67 0+ 899 

1 +  109 

2+ 3 1 

A 1 1  1 , 0 3 9  



fish/m2). Age 2+ fish were most prominent in pools (0.04 
fish/m2), but were also found in riffles, cascades, and step-runs 
(0.01 fish/ml each). Age 2+ fish were not observed in runs 
during fall 1991. 

During the spring 1992 survey we estimated the standing crop of 
juvenile steelhead at 4,718 fish composed of: 88% Age 0+, 
11% Age 1+, and 1% Age 2+ fish (Table 13). The densities of 
Age O+ fish were relatively high in all habitat types (0.56 - 
0.76 fish/m2) except in cascades, where observed density was 
about 113 that of the others (0.20 fish/m2 each). Densities of 
Age 1+ fish were about equal in all habitat types (0.08 - 0.10 
fish/m2 each), except in runs, where density was about 112 that 
of the others (0.05 fish/m2 each). Age 2+ fish were essentially 
only observed in pools and step-runs (0.01 fish/mz each), but one 
fish was found in a run (0.002 fish/mz). 

Steelhead Life-history Patterns 

No juvenile steelhead scales were analyzed this year because of a 
lack of time and trained personnel. 



Table 13. Juvenile steelhead habitat utilization observed in 
Eltapom Creek during spring 1992 (8-9 June). 

Number Estimated 
of Total Area No. Mean f i s h  per 

Habitat hab i ta t  ava i l ab l e  sampled of dens i t  y: ava i lab l e  
type8 u n i t s  area (m-) ( m 2 )  Age f i s h  (Fish/rn ) area 

Cascades 

Pools 

R i f f  les 

Runs 

Step-runs 

Tota l :  

806.63 O+ 

1+ 

2 + 
A l l  

477.48 O+ 

1+ 

2 + 
A l l  

2,356.81 O+ 

1+ 

2 + 
A l l  



RECOMMENDATIONS 

Creel surveys in the SFTR basin should continue during the 
1992-93 Fiscal Year (FY) to document angler use. Additional 
information is needed on harvest rates, especially during 
low-flow conditions. 

Adult steelhead spawner surveys should begin by 15 February 
weather permitting. Habitat types should be quantified 
during these surveys to document spawning area available to 
steelhead. 

Steelhead spawning habitat studies, conducted in conjunction 
with the spawner surveys, should be continued throughout the 
basin. The quantification of available habitat will help us 
identify preference criteria. 

The operation of the Alaskan weirs in Hayfork Creek and in 
the SFTR at Forest Glen to capture emigrant, post-spawning 
steelhead was effective and should continue. 

Juvenile steelhead habitat utilization studies should 
continue. Other seasons should also be surveyed for 
comparisons with results from spring and fall. Eltapom 
Creek is one of the streams in the basin that is in fairly 
good condition with respect to sediment loads. Our habitat 
utilization studies should be extended to other streams that 
are in marginal and poor condition in order to assess their 
impacts on juvenile rearing. 

Steelhead life history studies through Optical Pattern 
Recognition System scale analysis should continue with 
emphasis on the juvenile freshwater phase to assess the 
juvenile age structure in the basin and to determine if 
distinctive scale circuli patterns exist. Later these 
should be compared to freshwater portions on adult scales to 
better understand the total life history patterns of 
steelhead within the SFTR basin. 
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Appendix 1 .  L i s t  of J u l i a n  weeks and t h e i r  calendar date  e q u i v a l e n t s .  

Calendar dates  Calendar dates  

Ju l ian  Jul ian  
week S t a r t  F in i sh  week S t a r t  F i n i s h  

a/ Eight-day week i n  each year d i v i s i b l e  by 4 .  
b/ Eight-day week every year.  - 



Appendix 2. Travel times of steelhead caught at the Sandy Bar 
Weir in the South Fork Trinity River which had been previously 
tagged at the Willow Creek Weir in the Trinity River during the 
1991-92 season. 

Date tagged at Willow 
Creek Weir 

23 August 1991 

23 August 1991 

24 October 1991 

23 August 1991 

16 August 1991 

22 August 1991 

28 August 1991 

2 October 1991 

10 October 1991 

30 October 1991 

30 October 1991 

30 October 1991 

29 October 1991 

15 November 1991 

20 November 1991 

18 October 1991 

20 November 1991 

29 November 1991 

10 December 1991 

Date recaptured at 
Sandy Bar Weir 

8 October 1991 

10 October 1991 

26 October 1991 

26 October 1991 

26 October 1991 

26 October 1991 

26 October 1991 

26 October 1991 

26 October 1991 

31 October 1991 

6 November 1991 

18 November 1991 

18 November 1991 

19 November 1991 

21 November 1991 

21 November 1991 

Travel days 
between weirs 

46 

48 

2 

6 4 

7 1 
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ABSTRACT 

The California Department of.Fish and Game's Trinity River 
Project conducted tag and recapture operations from May 1991 
through December 1991 to obtain chinook salmon, (Oncorhvnchus 
tshawtscha), coho salmon (0. kisutch), and fall-run steelhead 
(Q. mvkiss) run-size, in-river harvest, and spawner escapement 
estimates in the Trinity River basin. We placed weirs in the 
Trinity River near the towns of Junction City and Willow Creek, 
and trapped 372 spring-run and 1,443 fall-run chinook salmon, 
826 coho salmon, and 741 fall-run steelhead. 

Based on tagged fish recovered at Trinity River Hatchery and on 
the return of reward tags by anglers, we estimate 2,381 spring- 
run chinook salmon migrated into the Trinity River basin upstream 
of Junction City Weir and that 336 (14.1%) were caught by 
anglers, leaving 2,045 fish as potential spawners. We estimate 
9,207 fall-run chinook salmon migrated past Willow Creek Weir and 
that 7,231 of these fish continued up the Trinity River past 
Junction City Weir. Anglers harvested an estimated 1,271 (13.8%) 
of the fall-run chinook salmon that passed Willow Creek Weir, 
leaving 7,936 fish as potential spawners. 

The coho salmon run in the Trinity River basin upstream of Willow 
Creek Weir was 9,124 fish, of which 3,996 continued their 
migration past Junction City Weir. Anglers harvested an 
estimated 109 (1.2%) of the coho salmon that migrated past Willow 
Creek Weir, leaving 9,015 fish as potential spawners. 

An estimated 11,417 adult fall-run steelhead entered the Trinity 
River basin upstream of Willow Creek Weir, and 2,285 continued 
their migration upstream of Junction City Weir. Anglers 
harvested 2,340 (20.5%) of the adult fall-run steelhead that 
migrated past Willow Creek Weir, leaving 9,077 fish as potential 
spawners. 



JOB OBJECTIVES 

1. To determine the size, composition, distribution and 
timing of adult chinook and coho salmon, and steelhead 
runs in the Trinity River basin. 

2. To determine the angler harvest and spawner escapements 
of Trinity River chinook and coho salmon, and 
steelhead. 

INTRODUCTION 

The California Department of Fish and Game's (CDFG) Trinity River 
Project (TRP) conducts annual tagging and recapture operations 
for adult chinook and coho salmon, and fall-run steelhead in the 
mainstem Trinity River. This effort determines the composition 
(species, race, and proportion of hatchery-markedl' or Project- 
tagged2 fish), distribution, and timing of the chinook and coho 
salmon, and fall-run steelhead runs in the Trinity River basin. 
Recaptures of hatchery-marked or Project-tagged fish are used to 
develop run-size, angler harvest, and spawner escapement 
estimates for each chinook and coho salmon, and steelhead run. 

This is a continuation of studies that began in 1977 with the 
trapping, tagging, and recapture of fall-run chinook salmon (fall 
chinook), coho salmon (coho), and fall-run steelhead (steelhead) 
in the Trinity River in order to determine run-size and angler 
harvest rates. In 1978, similar studies were added to include 
spring-run chinook salmon (spring chinook). Steelhead were 
dropped from the program in 1985 through 1989 and reinstated last 
year (fall 1990). 

The earlier studies were funded variously by the U.S. Bureau of 
Reclamation (USBR), and with Anadromous Fish Act funds 
administered by the U.S. Fish and Wildlife Service and National 
Marine Fisheries Service. The USER (PL 98-541) has funded the 
program from 1 October 1989 through the present. 

Prior to the current program, all efforts to measure salmon and 
steelhead populations in the Trinity River basin had been 
restricted to portions of the upper mainstem Trinity River and 
certain of its tributaries, or the South Fork Trinity River and 
some of its tributaries (Gibbs 1956; La Faunce 1965a, 1965b, 
1967; Miller 1975; Moffett and Smith 1950; Rogers 1970, 1972, 

11 Adipose fin clipped and coded-wire tagged (Ad+CWT), hatchery- 
produced chinook and coho salmon. 

21 Spaghetti tags applied by CDFG personnel to returning sea-run 
fish. 



1973a, 1973b, 1982; Smith 1975; Weber 1965). These earlier 
efforts did not include fish which use the mainstem and 
tributaries of the lower Trinity River, or attempt to determine 
the proportion of hatchery fish in the runs and the rates at 
which various runs contribute to the fisheries. To develop a 
comprehensive management plan for the Trinity River basin, all 
salmon stocks utilizing the basin must be considered. 

METHODS 

Trapping and Tagging 

Trappins Locations and Periods 

Trapping and tagging operations were conducted by TRP personnel 
from May through December 1991 at the same temporary weir sites 
near the towns of Willow Creek and Junction City in the mainstem 
Trinity River that were used in 1989 and 1990. The downstream 
site, Willow Creek Weir (WCW), was located 6.7 km upstream of the 
town of Willow Creek, 46.8 km upstream of the Trinity River's 
confluence with the Klamath River, and 136.4 km downstream from 
Trinity River Hatchery (TRH) (Figure 1). The upstream site, 
Junction City Weir (JCW), was located 6.4 km upstream of the town 
of Junction City, 133.2 km upstream from the Klamath River 
confluence, and 45.5 km downstream of TRH (Figure 1). 

The WCW is used to obtain run-size and angler harvest estimates 
of fall chinook and coho, and steelhead in the Trinity River 
basin as far downstream as possible. The JCW is used to obtain 
run-size and angler harvest estimates of spring chinook as far 
downstream as is feasible during periods of high spring flows. 
We continue to operate the JCW through December to obtain run- 
size estimates of fall chinook and coho salmon and steelhead in 
the upper Trinity River basin. 

We trapped at the JCW from 21 May through 13 December 1991, 
except from 28 May through 5 June when high flows prevented 
operation. We trapped at WCW from 24 August through 13 December 
1991. 

At both sites, we attempted to trap four to six nights per week, 
mid-afternoon on Monday through Friday or Sunday morning. We 
trapped and tagged fish only at water temperatures <21°C to avoid 
severely stressing the fish. 

Weir and T r a ~  Desian 

As in the previous two seasons, we used the Bertoni (Alaskan) 
weir design at both weir sites (Figure 2). The weir was 
supported by wooden tripods set 2.5 m apart. The weir panels 
were composed of 2.4-m X 2.54-cm (8-ft. X 1-in.) electrical 





conduit with the centers spaced 5.4 cm apart. The conduit was 
supported by three pieces of aluminum channel arranged 0.92 m 
apart, that connected to the supporting tripods. We anchored the 
tripods with 1.8-m stakes driven into the stream bottom. The 
weir panels were angled, with the top of the weir standing 1.8 m 
above the river bottom (Figure 2). 

The weir guided fish toward a fyke leading to a trap which 
measured 2.4 m square and 1.2 m high, and was covered with wood 
panels to prevent the fish from jumping out of the trap. The 
trap sides and fyke leading into the trap consisted of 2.54-cm 
(1.0-in.) electrical conduit welded into panels. The conduit 
centers were spaced 5.4 cm apart, the same spacing as in the weir 
panels. The trap entrance was created by elevating the weir 
conduit allowing fish to enter the fyke and trap. 

A gate, inserted between two weir panels, was used to allow boat 
passage at both weirs. It was modified from the previous years' 
design by reducing the conduit center spacing from 7.0 cm to 
5.4 cm, so that it was similar to the weir and trap. The overall 
gap between the conduit was reduced to 2.54 cm. The conduit 
spacing on the gate was reduced to prevent salmonids from 35 to 
SO cm fork length (FL) from passing through the gate. During the 
previous seasons, we noted that salmonids <50 cm were passing 
through the weir at the location of the gate. (Heubach et al. 
1992a, 1992b). 

Processina of Fish 

At both weirs, we identified all trapped salmonids to species, 
measured them to the nearest cm (FL), and examined them for hook 
and gill-net scars, hatchery marks (fin clips) and tags. All 
untagged salmonids judged in good condition or unspawned were 
tagged with a serially numbered FT-42' spaghetti tag (Project- 
tagged). To determine angler harvest rates upstream of JCW, 
various proportions of each species received $10-reward tags at 
rates inversely related to the numbers of each species we 
expected to effectively tag during the season. Therefore, all 
spring chinook, 62% of the fall chinook, 82% of the coho, and all 
adult steelhead received reward tags, the remainder non-reward 
tags. This was the second year of a three-year experiment to 
determine the relative return rates, by anglers above Willow 
Creek Weir, of the non-reward, $lo-, and $20-reward tags. We 
attempted to tag equal, one-third proportions of the fall 
chinook, coho and steelhead at WCW with each of the three 
spaghetti tag types (non-reward, $lo-, and $20-reward tags). 

3 1  The use of brand or trade names is for identification - 
purposes only, and does not imply the endorsement of any product 
by the CDFG. 



PICKET SUPPORT CllANNEL 

FIGURE 2. Schematic diagram of an Alaskan weir section, showing the arrangement of the tripod 
and weir paneling, as used in the Trinity River during the 1991-92 season. 



We applied non-reward tags on 26% of the fall chinook, 31% of the 
coho salmon, and 31% of the steelhead trapped. We applied $10- 
reward tags on 36% of the fall chinook, 33% of the coho, and 33% 
of the steelhead trapped. While 35% of the fall chinook, 33% of 
the coho and 32% of the steelhead trapped received $20-reward 
tags. Our objective was to recover a sufficient number of tags 
to statistically compare the return rates of the three tag 
denominations. 

To determine tag shedding rates, we removed one-half of the left 
ventral fin from all spring chinook tagged at JCW. We gave all 
fall chinook and coho tagged at WCW a single 6.4-mm diameter 
puncture on the left operculum, while those tagged at JCW 
received two. The tagged steelhead did not receive a secondary 
mark at either weir. We released all fish at the respective 
capture sites immediately after processing. 

Se~aration of S~rina- and Fall-run Chinook Salmon at the Weirs 

Each year there is a temporal overlap in the annual spring and 
fall chinook runs in the Trinity River. Since the timing of each 
run varies between years, we assign a specific date each season 
separating the two runs so that numbers of spring and fall 
chinook can be determined for the run-size and angler harvest 
estimates. This year we could not use the recovery of fish which 
were both hatchery-marked and Project-tagged to separate the 
runs, as was done in 1989-90 and 1990-91 (Heubach et. al. 1992a, 
1992b). Too few hatchery-marked salmon were captured and tagged, 
and consequently too few double marked (Project-tagged and 
hatchery-marked) fish were recovered. Therefore, we used the 
entry date of Project-tagged salmon into TRH and the coloration 
of the chinook salmon at the weir as a subjective indicator of 
the length of time the fish had been in the river. During the 
transition period of the run at the weir from spring to fall 
chinook, dark-colored fish were considered to be late-migrating 
spring chinook while light-colored fish were considered to be 
recently migrating fall chinook. 

We determined that the spring run was over at both weirs when the 
light-colored chinook salmon clearly outnumbered the dark-colored 
chinook salmon. We verified this occurrence by comparing the 
date that Project-tagged chinook entered TRH to the date that 
known-race, hatchery-marked chinook entered the hatchery. 

Se~aration of S~rins- and Fall-run Chinook Salmon at Trinity 
River Hatchery 

As at the weirs, there is an overlap in the migration of spring 
and fall chinook into TRH. To estimate the respective numbers of 
spring and fall chinook entering TRH, we expanded the numbers of 
tags recovered from each returning CWT group by the ratio of 
tagged to untagged chinook salmon that occurred when they were 



originally released (same strain, brood year, release site and 
date). For example, 97,569 fall chinook of CWT code 6-61-46, 
plus 968,475 unmarked fall chinook were released directly from 
TRH in September 1987. Since there were 9.9 unmarked chinook 
salmon released for every CWT chinook salmon released (968,475 
unmarked/97,569 marked = 9.9), we multiplied the total number of 
CWT chinook salmon of code group 6-61-46 by 9.9 to estimate the 
number of unmarked chinook of that release group that returned to 
TRH. In doing so, we assumed that return rates to TRH of both 
CWT and unmarked salmon were the same. 

If more chinook salmon entered the hatchery on a particular 
sorting day than could be accounted for by the expansion of all 
of the coded-wire-tag groups, we assumed the additional fish were 
naturally produced. We designated these fish as spring- or fall- 
run in the same proportions that were determined by the expansion 
of the coded-wire-tag groups on that day. 

Separation of Adult and Grilse Salmon 

We designated the size separating an adult fish from a grilse for 
spring and fall chinook, and coho based on length frequency data 
obtained at the two trapping sites and at TRH, evaluated against 
length data obtained from groups of CWT fish that entered TRH 
whose exact age was known. Daily chinook salmon FL data from TRH 
were assigned to either spring or fall chinook when the coded- 
wire-tag extrapolations indicated 290% of the chinook salmon 
entering TRH were either spring-run or fall-run fish. Daily FL 
data from TRH were not used when coded-wire-tag extrapolations 
indicated the chinook salmon entering TRH were ~ 9 0 %  of a specific 
run. 

The length data collected at the weirs and TRH were smoothed with 
a moving average of five, 1-cm FL increments to determine the 
nadir separating grilse and adults. 

Adult Steelhead 

All steelhead >41 cm FL were considered adults, steelhead (41 cm 
captured at the weirs were assumed to be half-pounders (assumed 
to have migrated to the ocean) while steelhead (41 cm EL that 
entered TRH were classified as sub-adults, since we did not know 
whether they had migrated to the ocean or were resident 
steelhead. 

Recovery of Tagged Fish 

River Survevs 

River surveys were not conducted in the 1991-92 season because 
very few dead, tagged fish were recovered during river surveys in 
the previous seasons. We continued to recover dead, tagged fish 



at the weirs. We examined dead salmonids for tags, fin clips, 
and spawning condition, and measured them to the nearest cm FL. 
Heads of adipose fin-clipped (potentially hatchery-marked) fish 
were removed for the recovery of the coded-wire tag. After 
examination, the carcasses were cut in half to prevent 
recounting. 

TaqCTintY Mortalities 

We defined all tagged salmonids recovered dead at the weir or 
reported by anglers as tagging mortalities, if there was no 
evidence they had spawned and they were recovered dead (30 days 
after tagging. Tagged fish recovered dead >30 days after 
tagging, or those that had spawned, regardless of the number days 
after tagging, were not considered tagging mortalities. 

Ansler Taq Returns 

We processed Project tags returned by anglers to assess sport 
harvest rates. If not provided with the original tag return, we 
requested anglers to provide the date and location of their catch 
in a follow-up thank-you letter. The letter informed them of the 
fish's tagging date and location. 

Salmon Swawner Survevs 

The Trinity River Fisheries Investigation Project (TFIP), another 
element of CDFG's Klamath-Trinity Program, conducted salmon 
spawner carcass surveys in the mainstem Trinity River and its 
spawning tributaries from Lewiston to the confluence of, and 
including the North Fork Trinity River (Figure 1). Staff of the 
TFIP routinely provided us records of the species, tag number, 
date, and recovery location of Project-tagged fish seen during 
surveys from 16 September through 19 December 1991. 

Trinity River Hatcherv 

The TRH fish ladder was open from 16 September 1991 through 
27 March 1992. Hatchery personnel conducted fish sorting and 
spawning operations two days per week through December, and up to 
seven days per week and twice daily from 2 January through 
27 March 1992. More frequent sorting beginning in January was an 
attempt to reduce suspected predation by river otters (- 
canadensis) of steelhead in the fish ladder and holding raceway. 
We considered the initial day a fish was observed during sorting 
as the day it entered the hatchery. 

On all sorting days, salmon and steelhead entering TRH were 
identified to species, sexed, and examined for tags, fin clips, 
and secondary tagging marks. We measured all salmon to the 
nearest cm FL, except those that were Project-tagged fish from 
the weirs. Project-tagged salmon and steelhead recovered at TRH 



were assigned the original FL recorded for them at the weir where 
they were originally tagged. 

We removed Project tags from unmarked (no Ad+CWT) salmon on the 
initial sorting day, while Project tags were removed from 
hatchery-marked (Ad+CWT) salmon the day they were spawned. On 
each sorting day, we gave a distinguishing fin clip to hatchery- 
marked salmon that were placed in ponds to ripen, so the day it 
initially entered the hatchery (i.e. was sorted) could be 
determined when it was spawned. Salmon with a secondary tagging 
mark and no tag were measured to the nearest cm FL and sexed. At 
the end of the season, we assigned these secondary-marked salmon 
which had shed their tag, a tag number from a fish of the same 
species, FL, sex, and weir location where they were originally 
tagged and released. Tag numbers of the recovered Project-tagged 
steelhead were recorded the initial day the steelhead was sorted 
but the tag was not removed. 

On the day they were spawned, we removed the heads of all 
hatchery-marked salmon and placed each in a zip-lock bag with a 
serially numbered tab noting the date and location of recovery, 
species, sex, and FL. Salmon heads were given to the CDFG's 
Ocean Salmon Project for tag recovery and decoding. The Ocean 
Salmon Project provided us with a computer file of the coded-wire 
tags recovered for editing and analysis. 

Statistical Analyses 

Effectively-tasqed Fish 

We estimated the number of 'effectively tagged' fish by 
subtracting tagging mortalities of unspawned fish recovered at 
the weir, dead, tagged fish reported by anglers, and tagged fish 
recovered or reported downstream of the tagging site from the 
total numbers of each species tagged at the respective tagging 
sites. 

Run-size Estimates 

We determined the run-size estimates for salmon and steelhead 
migrating into the Trinity River basin above WCW and JCW in 
1991-92 by using Chapman's$ version of the Petersen Single 
Census Method (Ricker 1975): 

41 Chapman, D. G. 1951. Some properties of the hypergeometric 
distribution with aoolications to zooloaical census. Univ. Calif. 
~ubl. Stat. 1: 131-lib, AS cited in ~icker (1975). 



N = estimated run size, M = the number of 'effectively tagged' 
fish, C = the number of fish examined at TRH, and R = the number 
of tags recovered (including fish with a secondary tagging mark 
and no tag) in the hatchery sample. 

We attempted to effectively tag and recover enough tagged fish to 
obtain 95% confidence limits of +lo% of the run-size estimate. 
Confidence limits were determined according to the criteria 
established by Chapman (1948). In this analysis, the type of 
confidence interval estimate used is based on the number of tags 
recovered and the ratio of tagged to untagged fish in the 
recovery sample. 

Each year, we examine the grilse and adult composition of the 
effectively tagged salmon, the sample of Project-tagged salmon 
recovered at TRH, and the untagged sample of salmon at TRH to 
determine if the run-size estimate should be stratified by grilse 
and adults. Run-size estimates are stratified by grilse and 
adult salmon when: 1) the proportions of grilse and adult salmon 
in the effectively tagged sample, the Project-tagged sample of 
salmon recovered at TRH, and the untagged sample of salmon at TRH 
are significantly different statistically; and 2) there are 
sufficient grilse and adult salmon recovered in the tagged sample 
at TRH to obtain 95% confidence limits of +lo% of each of the 
stratified portions of the run-size estimate. 

If we do not stratify the salmon run-size estimate by grilse and 
adults, we use the proportions of grilse and adult salmon trapped 
at the respective weirs to estimate the numbers of grilse and 
adults comprising the run. 

All steelhead run-size estimates are for adults only. 

For the run-size estimates, we assumed: 1) fish trapped and 
released from the weir were a random sample representative of the 
population; 2) tagged and untagged fish were equally vulnerable 
to recapture (entering TRH); 3) all Project tags and secondary 
tagging marks were recognized upon recovery; 4) tagged and 
untagged fish were randomly mixed throughout the population and 
among the fish recovered at TRH; and 5 )  we accounted for all 
tagging mortalities. 

Analer Harvest Rates 

Only $10- and $20-reward tags returned by anglers were used to 
determine angler harvest rates. Each angler harvest rate 
estimate was computed as the number of reward tags returned by 
anglers divided by the number of effectively reward-tagged fish 
released. 

The assumptions for the numbers of effectively reward- and non- 
reward-tagged fish released are the same as those for determining 



the run-size estimate (See "Run-size Estimates" above). In 
addition, the numbers of effectively reward-tagged fish released 
were corrected for tag shedding by multiplying the total number 
of reward-tagged fish by the percentage of tagged fish recovered 
at TRH that had not shed their tag. 

The confidence limits surrounding the point harvest rate estimate 
were determined from tables for the binomial distribution. We 
attempt to effectively reward tag enough fish to obtain 95% 
confidence limits of +10.0% of the harvest rate. 

Analer Harvest Estimates 

We estimated the numbers of fall chinook, coho, and steelhead 
upstream of WCW, and spring chinook upstream of JCW harvested by 
anglers by multiplying the run-size estimate above the respective 
weir site by the harvest rate estimate. 

The absolute number of fall chinook, coho, and steelhead 
harvested by anglers in the Trinity River upstream of JCW was 
determined by multiplying the respective percentage of WCW-tagged 
fish reported caught upstream of the JCW by the total angler 
harvest estimate upstream of WCW~'. 

Other Analvses 

The mean FLs of samples were compared statistically using a 
Student's t-test. We did not conduct tests for sample sizes <20 
fish and differences in such cases were not considered 
statistically different. We analyzed the percentages or ratios 
of adults and grilse, marked and unmarked fish, and the angler 
return of non-reward and reward tags in samples by Chi-square. A 
continuity correction (Yates correction) was used for contingency 
tables of one degree of freedom (Dixon and Massey 1969). 

Use of Standard Julian Week 

Weekly sampling data collected by Project personnel at the weirs 
are presented in Julian week (JW) format. Each JW is defined as 
one of a consecutive set of 52, weekly periods, beginning 
1 January, regardless of the day of the week on which 1 January 
falls. The extra day in leap years is included in the ninth week 
(Appendix 1). This procedure allows inter-annual comparisons of 
identical weekly periods. 

5/ Number of fish harvested by anglers above WCW x proportion of - 
Project-tagged fish caught above JCW. 



RESULTS AND DISCUSSION 

Trapping and Tagging 

S~rinq-run Chinook Salmon 

Run Timina. During the first week at WCW the 62 chinook salmon 
which were trapped appeared to be primarily spring-run fish. All 
of the chinook trapped after the first week were clearly fall 
chinook (Table 1). 

The first spring chinook entered JCW 5 June (JW 23). The number 
of spring chinook trapped each week increased and peaked JW 27 
(2-8 July) and decreased substantially during the next week 
although there were two minor peaks in the run during JW 30 (23- 
29 July) and JW 33 (13-19 Auqust)(Figure 3). We considered the 
spring-run to be over JW 36 (3-9 September) at JCW. We trapped 
310 spring chinook at JCW during the 1991-92 season (Table 1). 

Size of Tra~Ded Fish. The sizes of the spring chinook trapped 
at WCW and JCW, and that entered TRH were essentially the same 
(Table 2, Figure 4 ) .  Based on a moving average of 5, 1-cm 
increments, the nadir in the FL separating grilse and adult 
spring chinook was 53 cm at JCW (Figure 4). There was no nadir 
separating grilse and adult spring chinook at WCW or that entered 
TRH. However, the size separating grilse and adults of known- 
age, hatchery-marked spring chinook that entered TRH also 
appeared to be 53 cm FL (Appendix 2). Therefore, during the 
1991-92 season, we consider spring chinook in the Trinity River 
basin (53 cm FL to be grilse, while adults are larger. 

During the 1991-92 season, 11% of the spring chinook trapped at 
WCW and 8.1% of those trapped at JCW were grilse, similar to the 
proportion of spring chinook grilse in the TRH sample (10%) 
(Table 2). The low proportion of grilse is typical of the upper 
Trinity River basin spring run (Heubach 1984a, 1984b; Heubach et 
al. 1992a, 1992b). 

Incidence of Taqs and Hatchery Marks. None of the spring 
chinook salmon taqqed at WCW were reca~tured at the JCW durina - - - - 
the spring run. 

None of the spring chinook trapped at WCW were hatchery-marked, 
while 19 (6.5%) of the fish trapped at JCW were hatchery-marked 
(Table 2). The mean FL of the hatchery-marked spring chinook was 
over 3 cm less than the unmarked fish, although there were too 
few hatchery-marked fish trapped to test statistically (Table 3). 

Of the 16 hatchery-marked spring chinook spaghetti tagged at JCW, 
six were subsequently recovered in the spawner survey or at TRH. 
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Figure 3. Average numbers of spring- and fall-run chinook salmon 
trapped per night each Julian week in the Trinity River at Willow 
Creek and Junction City weirs during the 1991-92 season. 



TABLE 1. Ueekly s-ry of spr ing- rm .nd f a l l - r m  c h i m k  r a l ~ o n  t r a m  i n  the T r i n i t y  River a t  u i l l ow  Creek and J v l c t i M  
Ci ty  uei rs  &r ing the 1Wl-92 season. 

U i l l w  Creek Ueir a/ J v r t i o n  C i t y  Ueir b/ 

Nurber trapped N h r  t r a p p d  

Jul ian meek Nights Fish/ Wights F i sh l  
(dates) trapped Gr i lse A b l t ~  l o t a l s  night t r a p p d  . Gr i l se  Adults Totals night 

Spr ing-rm chinook c l  

F a l l - r m  chinook f1 

WYD TOTALS 
CCUBiNW MEWS e1 

a/ Trapping a t  ui Llw C r n k  Ueir took place f r m  Jul ian ueek Y (20 Awust) through J u l i m  ueek 50 (13 Dccllher) of 191.  
b/ T r w i w  at J u r t i m  C i t y  Ueir took place f r m  J u l i m  ueek 21 (21 May) through J u l i m  ueek 50 (13 Decaber) o f  1W1. 
c1  Spring-rv, chinook r a l m  p r i l s e  are 3 3  cm FL; & l t s  are .53 m FL. 
d/ J v r t i m  C i ty  Ueir  uas mf ishab le  due t o  high f lom. 
e l  Caprtat iorm are bsed m mmtercl frm the f i r s t  J u l i m  week that chinook salmm uere trapped th rowh the end of the 

sanp l iw  p r i o d .  
f1 F a l l - r m  chino& s a l m  p r i l s e  are $51 a FL; h l t r  are ~ 5 1  m FL. 
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Figure 4 .  Fork lengths of spring-run chinook salmon trapped in 
the Trinity River at Willow Creek and Junction City weirs, and 
that entered Trinity River Hatchery during the 1991-92 season. 
Fork lengths are presented as a moving average of f i v e ,  1-cm size 
increments. The line indicates the size (53 cm FL) separating 
grilse and adult spring-run chinook salmon. 



TABLE 2. Fork l fngths Of Spr ing - rm chinook s a i m  trapped and tagged i n  the T r i n i t y  River a t  u i l l w  Creek and 
J w t i m  C i t y  w l r c ,  and recovered at  T r l n l t y  River Hatchery &r ing the 1991-92 season. 

u i l l o w  Creek Ueir a1 J u w t i o n  C i t y  Ueir b l  

Fork Total E f fec t i ve ly  Recovered Total E f f e c t i v e l y  Recovered 
length (cm) trspped *CUT c/ tagged d l  a t  TRH e l  trapped A d + M  c l  tagged d/ a t  TPH e l  

TOTALS 7 7  T 
Men FL 65.7 65.5 64.1 

-37a- 
65.8 

a1 Trapping a t  U i l l ow Creek Uei r  t w k  place f roa  J u l i m  m k  34 (20 August) through J u l i a n  m k  50 
(13 D c e u h r )  of 1Wl. Only c h i m k  salnon trapped through 23 August 1991 are considered s p r i n g - r m  chinod;. 
See Table 7 f o r  fo rk  lengths of chinook s a l m  t r a p p d  a f t e r  23 August. 

b/ Trapping a t  J v r t i m  C i t y  Uei r  t w k  place f r a  J u l i ~  u n k  21 (21 Way) t h r w h  J u l i m  ueek 50 (13 Oecentxr) 
o f  1991. m l y  chi& s a l m  tryped through 8 S e p t h r  1Wl are considered s p r i n g - r m  chimok.  See Table 7 
for  fork  lengths of c h i n w k  salmon t r a p p d  a f t e r  8 S e p t W r .  

c l  The f i s h  w r e  d i p o s e  f i n  c l i p p d  and coded-wire tagged and released f r m  T r i n i t y  River Hatchery &r ing  
~ ~ 

previous years. 
d/ The w h e r  of e f f e c t i v e l y  tagged f i s h  i s  corrected f o r  f i s h  tha t  w r e  not tagged ud tagging m o r t a l i t i e s .  
e l  TRH=Trinity i l v e r  Hatchery. 
f /  Spr ing - rm chinook 8 a l m  p r i l s e  are 553 m fL; hits are r53 m FL. 



TABLE 3.  Size dif ference betwen f i n - c l i p p d  or scarred vr. m n - f i n - c l i p p d  or urscarred or- of s p r i w -  and f a l l - r m  chimok 
ard coho salmn, and f a l l - r u r  steelhead trapped i n  the T r i n i t y  River a t  Ui l low Creek a d  J v s t i m  C i t y  w i r a  &rlw the 
1991-92 seaem. 

U i l low Creek weir J u r t i o n  C i t y  Ueir  

Fork Lwg th  Fork Length 
(cm) (an) 

Spec i es l  Sanple Sanple 
rece Connmts Range Mean s ize t - v d u c  a/ C a m t s  R q e  Mean s i r e  t -va lue a/ 

Spr ing-rm U i th  Ad b/ 0 U i t h  Ad b l  42-76 62.11 19 
chinook U i t h w t  Ad 45-81 65.7 62 - I c  U i t h w t  Ad 42-91 66.0 291 

U i th  g i l l - n e t  scars 57-76 68.6 16 
U i t h w t  p i l l - n e t  scars 45-81 65.7 46 

ui th hook scars 73 TJ.0 1 
u i t h w t  hook scars 57-76 65.6 61 

U i t h  g i l l - n e t  scars 61-84 70.0 28 
U i t h w t  g i l l - n e t  scars 42-91 65.3 282 0.36 

U i t h  hmlr scars 53-91 71.4 20 
U i t h w t  hook scars 42-87 65.4 290 0.39 

F a l l - r m  U i th  Ad b l  
chinook U i t h w t  Ad 

53-T7 65.7 79 Ui th  Ad b l  36-70 64.5 42 
42-93 65.5 875 0.03 Ui t h w t  Ad 32-89 62.2 445 0.21 

Ui th  g i l l - n e t  Scars 56-84 69.7 118 
Uithout g i l l - n e t  scars 12-93 64.9 036 0.74 

With hook scars 43-87 64.5 30 
without hook scars 42-93 65.5 924 0.08 

Coho U i th  Ad bl 57-74 44.5 2 
U i t h w t  Ad 37-74 63.0 602 

u i t h  g i l l - n e t  scars 57-74 65.8 
Uithout g i l l - n e t  scars 37-74 62.8 

Ui t h  hook scar8 51-68 61.5 25 
U i t h w t  hook scars 37-74 63.0 579 0.13 

u i t h  g i l l - n e t  scars 5 7 4 0  69.4 27 
U i t h w t  g i l l - n e t  scars 32-89 62.0 460 0 . a  

Ui th  hook scars 36-80 66.3 18 
u i t h w t  hook scars 32-89 62.3 (69 

With Ad b/ 
U i t h w t  Ad 

U l t h  g i l l - n e t  scars 63-69 65.5 4 
U i t h w t  g i l l - n e t  scars 61-75 6 3 . 3  218 

U i t h  hook scars 46-71 63.6 9 
u i t ha r t  hook scars 41-75 63.3 213 

Fe l l - r un  F i n - c l i p p d  d/ 34-73 60.1 74 F i n - c l i p p d  d l  34-73 52.9 36 
Steelheed Won-fin-clipped 33-82 60.8 564 0.09 Nan-f in-cl ipped 36-74 60.7 67 0.64 

Ui th  g i l l - n e t  scsra 56-82 62.6 20 U i t h  g i l l - n e t  scars 55-63 58.0 3 
Uithout g i l l - n e t  scars 33-78 60.7 618 0.02 u i t h w t  g i l l - n e t  ecars 34-74 58.0 100 

Ui th  hook scars 55-71 63.0 21 U i t h  hook scars 35-68 60.2 5 
u i t h w t  hook scars 33-82 60.7 617 0.17 U i t h w t  hook scars 34-74 57.9 98 

a1 U r n  of the t values were s t a t i s t i c a l l y  significance, (p < 0.051. 
b/ Ad = adipose f i n  c l i p .  
c l  Y - U  A t - t es t  was nut cccdx ted  f o r  swp l ca  size8 < 20 f ish. 
d l  Includes any f i n  c l i p .  



Two fish were from the 1987 brood year (BY), one fish each was 
from the 1986 and 1988 BYs, and two fish were without a CWT 
(Table 4). 

Incidence of Gill-net and Hook Scars. Sixteen (25.8%) of the 
spring chinook trapped at WCW and 28 (9.0%) of the spring chinook 
trapped at JCW were gill-net scarred. At both weirs the mean FLs 
of the gill-net-scarred fish were larger than the non-gill-net- 
scarred fish, although in neither case were they statistically 
different (Table 3). 

As in 1989-90 and 1990-91, we examined the tagging mortality and 
recovery at TRH of gill-net-scarred vs. non-gill-net-scarred 
spring chinook tagged at JCW (Tables 5 and 6). Two of the 28 
(7.1%) Project-tagged fish with gill-net scars were recovered 
dead at the weir compared to 7 of the 282 (2.5%) non-gill-net- 
scarred fish. After correcting for the tagging mortality, five 
of the 26 (19.2%) gill-net-scarred spring chinook and 81 of the 
275 (29.5%) non-gill-net-scarred fish were recovered at TRH. The 
differences in the tagging mortality and recovery rate of 
effectively tagged, gill-net-scarred and non-gill-net-scarred 
spring chinook were not statistically different (Tables 5 and 6). 
However, these results follow the trend observed in the last two 
seasons of slightly higher tagging mortality rates and lower 
hatchery recovery rates of gill-net-scarred than non-gill-net- 
scarred spring chinook (Heubach et al. 1992a, 1992b). 

When we pooled the results of the tagging mortality of gill-net- 
scarred and non-gill-net-scarred spring chinook for the last 
three seasons, the difference was highly significantly (Table 5). 
However, the recovery rates of the effectively-tagged gill-net- 
scarred and non-gill-net-scarred spring chinook at TRH were not 
statistically different, even though in all years there was a 
slightly higher recovery rate of the non-gill-net-scarred fish 
(Table 6). We conclude that there has been a slightly higher 
tagging mortality of gill-net-scarred spring chinook at JCW 
during the last three seasons. The recovery rate of effectively- 
tagged gill-net-scarred spring chinook also appears to be less 
than the rate for non-gill-net-scarred fish, even after 
correcting for the differences in the tagging mortality of gill- 
net-scarred fish. 

Only one spring chinook at WCW was hook scarred while 20 hook- 
scarred fish were trapped at JCW. Collectively, 14 of the fish 
had ocean-hook scars while seven were freshwater-hook scars. The 
mean FL of the hook-scarred spring chinook trapped at JCW was 
6 cm greater than the non-hook-scarred fish, although the 
difference was not statistically significant (Table 3). 



TABLE 4. Release and recovery data for Trinity River Hatchery-produced, coded-wire- 
tagged chinook salmon that were trapped in the Trinity River at Willow Creek and 
Junction City weirs, and recovered on spawning surveys or at Trinity River Hatchery 
during the 1991-92 season. 

Release data Tagging site 

Willow Junction 
CWT Brood Creek City 

number a/ year Race Date Age b/ Number Weir Weir 

6-61-46 86 Spring-run chinook 09/24/87 Y 101,030 0 1 
6-61-47 8 7 Spring-run chinook 05/23/88 F 185,718 0 2 
6-61-48 8 8 Spring-run chinook 10/24/89 Y 98,820 0 1 
6-56-39 8 9 Spring-run chinook 10/01/90 Y 102,555 1 C /  0 

I 
N Shed tag d/ 0 2 
N 
r( 

I 6-56-33 87 Fall-run chinook 06/02/88 F 172,980 5 2 
6-56-31 8 7 Fall-run chinook 10/28/88 Y 92,300 6 1 
6-56-35 8 8 Fall-run chinook 06/12/89 F 194,197 1 3 
6-56-32 8 8 Fall-run chinook 10/27/89 Y 97,959 19 6 
6-55-22 88 Fall-run chinook 11/01/89 Y 22,234 1 0 
6-55-23 8 8 Fall-run chinook 11/01/89 Y 24,131 0 1 
6-56-34 89 Fall-run chinook 10/15/90 Y 97,810 0 1 
Shed tag d/ 1 3 

- - 
TOTALS 34 23 

a/ CWT=coded wire tag. 
b/ Y=yearling, F=fingerling 
c/ The fish was trapped and tagged as a fall-run chinook salmon at Willow Creek Weir. 
d/ No coded-wire tag was recovered from the fish. 



TABLE 5. Chi-square analysis of the number of gill-net-scarred and non-gill-net-scarred spring- 
run chinook salmon tagged and recovered dead in the Trinity River at Junction City Weir during 
the 1989-90 through 1991-92 seasons. 

Total Recovered Total Recovered Chi- 
Season tagged dead % tagged dead % square P 

TABLE 6. Chi-square analysis of the number of gill-net-scarred and non-gill-net-scarred spring- 
run chinook salmon effectively tagged in the Trinity River at Junction City Weir and recovered 
at Trinity River Hatchery during the 1989-90 through 1991-92 seasons. 

Effectively Recovered Effectively Recoverd Chi- 
Season tagged a/ at TRH b/ % tagged a/ at TRH b/ % square P 

a/ The number of effectively tagged fish is corrected for fish that were not tagged and tagging 
mortalities. 

b/ TRH=Trinity River Hatchery. 



Fall-run Chinook Salmon 

Run Timinq. The fall run began at the WCW 27 August 1991 
(JW 35). The numbers of fall chinook trapped decreased during 
the second week of trapping, then increased through JW 40 (1- 
7 October) when the run peaked (Figure 3). The fall run then 
decreased sharply through JW 42 (15-21 October) and gradually 
thereafter. We trapped the last fall chinook 29 November 1991 
(JW 48), suggesting the run was over in the lower Trinity River 
when we removed the weir. We trapped 954 fall chinook at WCW 
during the 1991-92 season (Table 1). 

The fall run began at JCW 10 September (JW 37), two weeks after 
it began at WCW. The fall run increased each week through JW 42 
(15-21 October), decreased slightly the next week, and peaked 
JW 45 (5-11 November), five weeks after the peak at WCW 
(Figure 3). The numbers trapped each week decreased 
substantially during JW 46 (12-18 November) and gradually 
thereafter. We trapped the last fall chinook at JCW on 
11 December (JW 50), two days before we removed the weir for the 
season. We trapped 489 fall chinook at JCW during the 1991-92 
season (Table 1). 

Size of Fish Traw~ed. The fall chinook trapped at WCW appeared 
slightly larger than those trapped at JCW (Table 7 ) ,  although 
their mean FLs were not significantly different (t=0.86, p<0.05). 

The size separating grilse and adult fall chinook was 51 cm FL at 
both weirs and at TRH. This season, we consider all fall chinook 
<51 cm FL to be grilse, whereas larger fall chinook are - 
considered adults (Figure 5). Grilse composed 4.0% and 12% of 
the fall chinook trapped at WCW and JCW (Table 7), respectively, 
while at TRH, 7.6% of the fall chinook were grilse. The 
differences in the proportions of grilse and adult fall chinook 
at the two weirs and TRH were highly significantly (x2=10.0, 
p<0.01). The reason for the differences in the grilseladult 
ratios at the three sites is unknown. 

Incidence of Taus and Hatcherv Marks. Forty-four WCW-tagged 
chinook were recaptured at JCW during the fall run (after 
9 September 1991). Two of the fish were trapped and tagged at 
WCW as spring chinook, but they were recaptured at the JCW during 
the fall run. Excluding these two fish, the fall chinook took 
from 14 to 58 days to migrate to the JCW, with a mean of 29 days, 
for a mean migration rate of 3.1 km/d. The mean number of days 
(approximately four weeks) it took for the WCW-tagged fall 
chinook to migrate to the JCW is slightly less than the five 
weeks difference in the peaks of the fall run occurring at the 
two weirs. The mean migration rate of the fall chinook from WCW 
to the JCW this year was essentially identical to that in 1990 



TABLE 7. Fork LmDths of f a l l - r m  chinook salrnn trapped and tagged i n  the T r i n i t y  River a t  U i l l o u  Creek and 
J u r t i o n  C i ty  ucirs, vd recovered a t  T r i n i t y  River Hatchery &riw the 1Wl-92 season. 

U i l l w  C r n k  Veir a/ J u r t i o n  C i ty  Ueir  b/ 

Fork Total E f fec t i ve ly  Recovered Total E f fec t i ve ly  Recovered 
l w t h  (a) t r w  A h M  c/ tagged d/ at  TRH c/ trapped f /  A h M  c/ tagged d/ at  TRH e l  



TABLE 7. Fork lengths of f a l l - r m  chinook s a l m  trapped a d  tagged i n  the T r i n i t y  River a t  U i l l w  C r n k  ard 
J u r t i m  C i t y  u i r s ,  ard recovered at T r i n i t y  River natchery &ring the 1991-92 season (cont iwed).  

U i t l ou  Creek Ueir a/ J u r t i r n  C i ty  Ueir b/ 

fork Total E f fec t i ve ly  Recovered Total E f fec t i ve ly  Recovered 
length (cn) trsppd A d + M  c/ tagged d /  a t  T R l l  e l  trapped f /  A d + M  c/ tagged d l  a t  Tun e l  

TOTALS 954 
Mean FL 65.5 

a/ Trawing a t  YilLou Creek Ueir took place f r m  Jul ian ueek 34 (20 August) through Jul ian ueek 50 
(13 oecmter) o f  1991. m l y  chinook s a l m  t r a m  a f te r  23 Auguqt are considered f a l l - r m  chinook. 
See Table 2 fo r  fork lengths of c h i d  s a l m  t r a m  through 23 August. 

b/ Trapping a t  J u r t i m  C i t y  weir took place frm Ju l ia?  ueek 21 (21 May) through J u l i m  ueek 50 
(13 Deceaber) of 1W1. Only chinook s a l m  trapped a f te r  8 Septahr r  are considered f a i l - r m  chinook. 
See Table 2 fo r  fork lengths o f  chinook n a l n n  t r a p p d  through 8 Septaber. 

C/ The f i s h  =re adipose f i n  c l i m  and coded-uire tagged, ard released frm T r i n i t y  River hatchery &ring 
prevlour years. 

d /  The ru!&r of ,e f fec t i ve ly  tagged f i s h  i s  corrected for f i s h  that  w r e  mt tagged and tagging m r t a l i t i e s .  
e l  TRll=Trinity Rlver hatchery. 
f/ The t o t a l  don, not include tw, dult f a l l - r m  chinook s a l r m  that were mt measured a t  J u r t i m  C i t y  Yeir. 
g/ f a l l - r u ,  chinook salmm g r i l l e  are 5 1  a FL; d u l t s  are r51 a% fL. 
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Figure 5 .  Fork lengths of fall-run chinook salmon trapped in the 
Trinity River at Willow Creek and Junction City weirs, and that 
entered Trinity River Hatchery during the 1991-92 season. Fork 
lengths are presented as a moving average of five, 1-cm size 
increments. The line indicates the size (51 cm FL) separating 
grilse and adult fall-run chinook salmon. 



and slightly slower than the migration rate in 1989 (Heubach et 
al. 1992a, l992b). 

Seventy-nine (8.3%) and 42 (8.6%) of the fall chinook trapped at 
WCW and JCW, respectively, were hatchery-marked fish (Table 5). 
The mean FLs of the hatchery-marked fall chinook were slightly 
larger than the unmarked fish trapped at each weir, but the 
differences were not statistically significant (Table 3). 

We recovered coded-wire tags from 32 of the 33 fall chinook that 
had been trapped and spaghetti-tagged at WCW and recovered in the 
carcass survey or recaptured at TRH. All but one of the CWT fall 
chinook were from the 1987 and 1988 BYs produced at TRH 
(Table 4). The majority (82.3%) of the fish had been released as 
yearlings. One CWT grilse, spaghetti tagged at WCW as a fall 
chinook was later discovered to be a spring-run fish. 

We recovered coded-wire-tags from 14 of the 17 fall chinook that 
had been trapped at JCW and entered TRH. All but one of the CWT 
fish were from the 1987 and 1988 BYs produced at TRH (Table 4 ) ,  
the majority (70.5%) had been released as yearlings. 

Incidence of Gill-net and Hook Scars. Gill-net scars were 
observed on 5.5% and 12.4% of the fall chinook trawwed at WCW and 
JCW, respectively. The difference was signif icant--(x2 = 13.9, 
p<0.01). The mean FLs of the gill-net-scarred fall chinook at 
WCW and JCW were not significantly different from the FLs of the 
non-gill-net-scarred fall chinook captured at the respective 
weirs (Table 3). 

Because fewer gill-net-scarred fall chinook were seen at JCW than 
at WCW, we examined the recovery of WCW-tagged gill-net-scarred 
and non-gill-net-scarred fall chinook at JCW and TRH. The 
recovery of WCW-tagged gill-net-scarred and non-gill-net-scarred 
fall chinook at JCW was essentially the same at 4.6% and 4.9%, 
respectively. However, 30.4% of the effectively-tagged, non- 
gill-net-scarred fall chinook tagged at WCW were recovered at TRH 
compared to 18.5% of the gill-net-scarred fish, the difference 
being significant (X2=5.97, p<0.025). 

We also compared the recovery rates at TRH of gill-net-scarred 
and non-gill-net-scarred fall chinook tagged at JCW. Eleven of 
the 27 (40.7%) gill-net-scarred fish and 159 of the 432 (36.8%) 
non-gill-net-scarred fall chinook were recovered at TRH. The 
difference was not statistically significant (x2=0.04, p>0.80). 

The lower recovery rate of WCW-tagged, gill-net-scarred fall 
chinook at TRH compared to non-gill-net-scarred fish appears to 
be due to differences in their survival or behavior after these 
fish passed JCW, because there was no difference in the recovery 
rate of gill-net-scarred vs. non-gill-net-scarred fall chinook at 



JCW. Whatever the reason for the relatively low recovery rate at 
TRH of gill-net-scarred fish tagged at WCW, it did not occur with 
the gill-net-scarred fall chinook tagged at JCW. 

There were no differences in the recapture rates of tagged gill- 
net-scarred and non-gill-net-scarred fall chinook salmon during 
the previous two seasons (Heubach et al. 1992a, 1992b), and we do 
not know the reason for the difference this year. However, 
recapture rates of the gill-net-scarred and non-gill-net-scarred 
fall chinook should be examined in future years to determine any 
effects the Indian gill-net fishery may have on the chinook fall- 
run. 

Thirty (3.1%) of the fall chinook trapped at WCW and 18 (3.7%) 
of the fall chinook trapped at JCW were hook scarred. Most of 
the hook scars on fish from WCW were of ocean origin (63.3%), 
whereas most of the hook scars on fish from JCW were of 
freshwater origin (72.2%). The mean FLs of the hook-scarred fall 
chinook at the WCW and JCW were similar to the non-hook-scarred 
fish at the respective weir sites (Table 3). 

Coho Salmon 

Run Timins. We trapped the first coho at WCW on 16 September 
1992 (JW 37). The coho catches increased gradually through JW 39 
(24-30 September), and then rapidly through JW 42 (15-21 
October), when the run peaked (Figure 6). The numbers of coho 
trapped decreased dramatically the next week and more slowly 
thereafter. While we did not trap any coho salmon during JWs 47 
through 49 (19 November-9 December) at WCW, one coho was trapped 
the day before the weir was removed for the season. We trapped 
604 coho salmon at WCW during the 1991-92 season (Table 8). 

The first coho entered the JCW trap 11 October (JW 41), 
approximately four weeks after they initially appeared at the 
WCW. While the coho run peaked during JW 45 (5-11 November) 
three weeks after it occurred at the WCW, there was a second 
smaller peak during JW 47 (19-25 November) (Figure 6). For 
comparison, the difference in trapping peaks between the two 
weirs during the 1990-91 season was only one week (Heubach et al. 
1992b). We trapped the last coho at the JCW on 6 December 1991, 
one week before trapping operation ended for the season. We 
trapped 222 coho at JCW during the 1991-92 season (Table 8). 

Size of Fish Tra~~ed. The size ranges and mean FLs of coho 
trapped at WCW and JCW were similar (Table 9). The size 
separating grilse and adult coho is based on the coho that were 
trapped at JCW and that entered TRH (Figure 7), because a nadir 
separating grilse and adults was not apparent at WCW. The nadir 
separating grilse and adult coho at the JCW and TRH was 49 cm FL 
(Figure 7). Therefore, in this report we consider all coho 549 
cm FL grilse, while larger coho are considered adults. All of 
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Figure 6. Average numbers of coho salmon and fall-run steelhead 
trapped per night each Julian week in the Trinity River at the 
Willow Creek and Junction City weirs during the 1991-92 season. 



TABLE 8 .  Weekly aunnry of coho s a l n m  t r a p p d  and tapped I n  the T r i n i t y  Rlver a t  u i l l a  Creek and J v r t i o n  C i ty  
uei rs  &riw the 1991-92 season. 

- 

U l l l a  Creek u e i r  a1 J v r t i o n  C i t y  Ueir b l  

nuher trapped Nuher trapped 

Jul ian Week Nights Fish1 Nights F i shl 
(dates) t r a p x d  C r i l se  c l  A&lts Totals n ight  trapped Gr l lac c l  A&lts Tatals night 

21-36 (05121-09109) 12 0 0 0 0.0 711 0 0 0 0.0 
37 (091 10-09116) 5 0 1 1 0.2 5 0 0 0 0.0 
38 (09117-09/23> 4 1 6 7 1.8 5 0 0 0 0.0 
39 (09124-09130) 5 1 20 21 4.2 5 0 0 0 0.0 
40 (10101-10107) 4 0 88 88 22.0 5 0 0 0 0.0 
41 ~10108~10114~ 4 3 122 125 31.3 5 0 1 1 0.2 
42 (10115-10121) 4 10 193 203 50.8 5 0 2 2 0.4 
43 (10122-10128) 4 2 74 76 19.0 5 2 6 8 1.6 
44 (10129-11104) 4 1 43 44 11.0 5 2 41 43 8.6 
45 (11105-11110 4 0 27 27 6.8 4 3 89 92 23.0 
46 (11112-11118) 4 0 11 11 2.8 2 0 7 7 3.5 
47 (11119-11125) 4 0 0 0 0.0 4 0 62 62 15.5 
48 (11126-12102) 4 0 0 0 0.0 3 0 6 6 2.0 
49 (12103-12109) 4 0 0 0 0.0 4 0 1 1 0.5 
SO (12110-12116) 4 1 0 1 0.3 3 0 0 0 0.0 

TOTALS dl  58 19 585 604 40 7 215 222 
MEAN d l  10.4 5.6 

a1 Trappiw a t  U i l l ow  Creek Ueir  took place f r a  Ju l ian  m k  34 (20 August) through Jul ian m k  50 (13 Decmber) of 
1 0 0 4  .,,,. 

b l  TrapplM a t  J v r t l m  C i t y  Wr took place f ra  Ju l lan  m k  21 (21 May) through Jul ian m k  50 (13 Oecmber) of 
loo? ..... 

c l  Coho a a l m  g r i l s e  are 249 cm FL; & I t s  are >49 cm FL. 
d l  Based on c n p r t m t i -  beginning f m  the f i r s t  Ju l ian ucek that  coho sa lnm =re t r w  thr-h the md of  

the sanp l iw  period. 



TABLE 9. Fork Lengths of coho sa lmn trapped i n  the T r i n i t y  River at Ui l low Creek and J-tion C i t y  weirs, 
and recovered s t  T r t n i t y  River Hatchery during the 1991-92 season. 

Ui l low Creek Ueir e l  J m t i o n  C i t y  Ueir b l  

Fork Total E f fec t i ve ly  Recovered Total E f fec t i ve ly  Recovered 
length (cm) trapped Ad+NT c l  tagged d l  at TRH e l  trapped Ad+CUl c l  tagged d l  a t  TRH e l  

TOTALS ~ ) 4  2 586 rn 222 1 213 143 
Wean FL 62.9 44.5 63.0 63.7 63.3 47.0 63.0 63.3 

t r i l s e  f l  19 2 17 0 7 1 7 
A&lts 585 0 569 172 215 0 206 

a/ Trapping a t  Wi l lou Creek Ueir took place f ran  Jul ian ueek 34 (20 August) th rwgh Jul ian ueek 50 (13 Oeceu&r) 
o f  1w1. 

b l  Trapping a t  J w t i m  C i t y  Weir took place frm Jul ian week 21 (21 Yay) t h r w h  Ju l ian  ueek 50 (13 Oeceu&r) 
O f  1991. 

c l  The f i s h  were sdipcse f i n  cl ipped and coded-wire tagged and released f r an  T r i n i t y  River Hatchery 18 March 1991. 
d l  The h r  of e f f ec t i ve l y  tagged f i s h  i s  corrected f o r  f i sh  that were not tagged ard tagging mor ta l i t i es .  
e l  TRH=Trinity River Hatchery. 
f l  Cdro sat- g r i l s e  are $49 cm FL; adults are >49 cm FL. 
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Figure 7. Fork lengths of coho salmon trapped in the Trinity 
River at Willow Creek and Junction City weirs, and that entered 
Trinity River Hatchery during the 1991-92 season. Fork lengths 
are presented as a moving average of five, 1-cm size increments. 
The line indicates the size (49 cm FL) separating grilse and 
adult coho salmon. 



the hatchery-marked coho that entered TRH this season were 
<49 cm FL (Appendix 3). 

Grilse coho comprised approximately 3.2% and 3.3% of the coho 
trapped at WCW and JCW, respectively, essentially the same as the 
fraction of those entering TRH (3.6%). This suggests the 
modifications made to the weir boat gates this year were 
effective in preventing coho <50 cm FL from passing through the 
weirs. 

Incidence of Taus and Hatchery Marks. We recaptured 27 coho at 
JCW that had been tagged at WCW. Their mean migration time was 
27 d, for a mean migration rate of 3.4 km/d. The mean number of 
days the coho were at liberty between the weirs is slightly 
greater than the three-week difference in the peaks in the coho 
runs at the two weirs. 

We trapped two hatchery-marked grilse coho at WCW and one at JCW 
(Table 9). These fish were probably returning 1989 BY coho that 
had been released from TRH on 13 March 1991. 

Incidence of Gill-net and Hook Scars. Gill-net scars were 
observed on 4.1% and 1.8% of the coho trapped at WCW and JCW, 
respectively. The mean FLs of the gill-net-scarred coho at WCW 
and JCW were not significantly different than the non-gill-net- 
scarred fish at each site (Table 3). 

None of 27 coho tagged at the WCW that were recaptured at JCW 
were gill-net scarred. This finding does not appear to be 
related to survival of the gill-net-scarred coho however, because 
32% (7122) of the effectively-tagged gill-net-scarred and 29% 
(165/564) of the non-gill-net-scarred coho tagged at WCW entered 
TRH. Also, three of four gill-net-scarred JCW-tagged coho 
entered the hatchery. 

We found 4.0% each of the coho trapped at WCW and JCW to be hook 
scarred. Collectively, 64% of the hook scars appeared to be of 
freshwater origin. The mean FLs of the hook-scarred and non- 
hook-scarred coho trapped at WCW and JCW were similar (Table 3). 

Fall-run Steelhead 

pun Timina. We trapped steelhead during the first week (20-26 
August 1991 [JW 341) of operations at WCW and continued to catch 
them every week of the season there. The largest number of 
steelhead was trapped the first week followed by three weeks of 
progressively lower numbers (Figure 6). We trapped relatively 
large numbers of steelhead again at WCW during JWs 40 through 42 
(1-21 October). The numbers of steelhead trapped peaked again in 
JW 44 (29 October-4 November) and generally declined through the 
end of the trapping season (13 December 1991). However, the 



steelhead run did not appear to be over when we removed the weir 
for the season. We trapped 638 steelhead at the WCW during the 
1991-92 season (Table 10). 

One steelhead entered the trap the first night of trapping at 
JCW, but we did not see another steelhead there until 26 June 
1991 (JW 26). We trapped steelhead intermittently at JCW from 
JW 26 through JW 43 (25 June-28 October) (Figure 6). The 
steelhead run peaked JW 45 (5-11 November) and 47 (19-25 November 
1991) at JCW and declined thereafter. We trapped 103 steelhead 
at JCW during the 1991-92 season (Table 10). It appeared that 
the coho and steelhead runs at WCW and JCW were synchronous, as 
they were in the 1990-91 season (Heubach et al. 1992b). 

Size of Fish Trauped. The size ranges and mean FLs of 
steelhead trapped at WCW and JCW appeared similar (Table 11). 
Half-pounder steelhead (( 41 cm FL) made up 2.0% and 9.7% of the 
steelhead trapped at WCW and JCW, respectively. In contrast, 
approximately 22.2% of the steelhead that entered TRH were sub- 
adults (Figure 8). The higher proportion of steelhead (41 cm FL 
entering TRH in comparison to those trapped at the weirs is 
probably due to non-migrating resident steelhead entering the 
hatchery and not half-pounder steelhead passing the weirs. 

Incidence of Taas and Hatcherv Marks. We trapped 74 fin- 
c l i ~ ~ e d  steelhead at WCW. 67% of which were from the 1988 BY. 
released from TRH in  arch. 1990 (Appendix 4). Thirty-six fin: 
clipped steelhead were trapped at JCW, 36% of which were from the 
1988 BY (Table 11). 

The proportion of fin-clipped (TRH-produced) to non-fin-clipped 
steelhead (both naturally and hatchery-produced steelhead) was 
higher in the latter part of the steelhead runs at both weirs. 
For example, 17 (6.7%) of the 254 steelhead trapped at WCW 
through the mid-season nadir in JW 39 (24-30 September 1991) 
were fin clipped, while 57 (14.8%) of the 384 steelhead trapped 
after that period were fin clipped. The difference was 
significant (x2= 9.12, p<0.05). While only two (14.3%) of the 14 
steelhead trapped at JCW through 16 September (JW 37) were fin 
clipped, 34 (38.2%) of the 89 were fin clipped after that week. 
Although this difference was not statistically significant 
(xZ= 2.1, p<0.15), the trends at both weirs may indicate that the 
early portion of their steelhead runs were composed primarily of 
late-migrating spring-run steelhead, while the later migration 
period at both weirs were composed mostly of fall-run steelhead. 
For this report, however, we will consider all steelhead trapped 
as fall run. 

The ranges in FLs and mean FLs of fin-clipped and non-fin-clipped 
steelhead trapped at WCW were essentially the same (Table 3). 
The mean FL of fin-clipped steelhead at JCW was 7.8 cm less than 



TAELE 10. Ueekly s m r y  of f a l l - M  ateelheed t r a p p d  i n  the T r i n i t y  l i v e r  a t  U i l l o *  Crcek and J u r t i m  C i t y  ue i rs  &ring 
the 1W1-92 season. 

Ju l ian  Ueek 
(dates) 

U i l l a r  Creek Ucir  a1 J v r t i m  C i ty  Ueir b/ 

M u h e r  trapped N u k r  trap@ 

Nights Half- Fish1 Nights Hal f -  F l s h l  
trapped panders c l  A&ltn Total n ight  t r a m  pmndera c l  A&lts Totals n ight  

- 
TOTALS 70 
MEAN 

- 

a1 Trapping a t  Uil(ow Crcek Uc i r  took place frm Ju l ian  ueek 34 (20 Auqust) t h r w h  Ju l ian  m k  50 (13 Drcenber) of 1991. 
b/ Trswina a t  J u r t i m  C ~ t y  Ueir took place frm Ju l i sn  ueek 21 (21 May) th rwgh Ju l ian  week 50 (13 O e c h r )  of 1991. 
c /  Half-powder f a l l - r u n  steelheed a re  4 1  cm FL; adults are >41 cm FL. 
d l  Junction C i t y  Ueir was unfishable due t o  high flous. 
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half-pounder (sub-adult) and adult fall-run steelhead. 



TABLE 11. Fork l m t h s  of f a l l - r m  steelheed trapped and tagged i n  the T r i n i t y  River a t  Willow Creek Md 
J m t i m  C i t y  r r i r s ,  and recovered a t  T r i n i t y  River Hatchery &riw the 1991-92 season. 

-- - - - - 

U i l l o u  Creek Ueir a1 J l n c t i w  C i t y  Uei r  b/ 

Fork Total i n  E f fec t i ve ly  Recovered Total F i n -  E f f e c t i v e l y  Recovered 
l w t h  (a) t ra@ c l ipped c/ tagged d l  a t  TRH e l  trapped c l ipped c l  tagged dJ a t  TRH e l  

TOTALS 63a 74 612 23 103 36 91 17 
M e n  FL W.7 60.1 61.2 64.1) 58.0 52.9 60.6 62.2 

a1 Trappird a t  U i l l w  Creek Ue i r  tool: place f r a  J u l i m  ueek 34 (20 Awust)  through Ju l ian  ueek 50 
(13 D u e h e r )  of 1991. 

b/ T r a p i n g  a t  J v u t i m  C i t y  Ueir took place f r a  Ju l ian  m k  21 (21 way) thrargh Ju l ian  week 50 (13 Decenixr) 
~4 4-4 ". .,,,. 

c/ The f i s h  uere f in  c l ipped and released f r a  T r i n i t y  River Hatchery i n  1989 and 1WO. See w i x  5 f o r  the 
fork lengths of  f a l l - r m  steelhesd wi th  the d is t inquish ing f i n  c l i p .  

d l  The r uh r  of  e f f e c t i v e l y  tagged f i s h  i s  corrected fo r  f i s h  not tapped and tagging mor ta l i t i es .  
e l  TRH = T r i n i t y  River Hatchary 
f I  Hal f -povder  f a l l - r m  steelhead are $1 cm FL; d u l t s  are ~ 4 1  a FL. 



the non-fin-clipped steelhead, although the difference was not 
statistically significant (Table 3). 

Incidence of Gill-net and Hook Scars. Twenty steelhead trapped 
at WCW had gill-net scars. The mean FL of the gill-net-scarred 
steelhead was slightly larger than that of the non-gill-net- 
scarred steelhead, but the difference was not significantly 
different (Table 3). Only three gill-net-scarred steelhead were 
trapped at JCW. 

Hook scars were observed on 3.3% and 4.8% of the steelhead 
trapped at WCW and JCW, respectively. At both weirs the hook- 
scarred steelhead appeared to be slightly larger than the non- 
hook-scarred fish, although both differences were not significant 
(Table 3). 

Recovery of Tagged Fish 

Taasins Mortalities 

S~rina-run Chinook Salmon. We trapped 310 spring chinook at 
JCW, all of which were tagged. Nine tagged fish (2.9% of those 
trapped) were recovered dead at the weir or were reported dead by 
anglers. We effectively tagged 301 spring chinook (24 grilse and 
277 adults) at JCW during the 1991-92 season (Table 2). All were 
reward tagged. After correcting for tag loss, 298 spring chinook 
were effectively reward tagged. 

Fall-run Chinook Salmon. We trapped 954 fall chinook at WCW, 
one of which was dead in the trap, 32 were released untagged, and 
four tagged fish were recovered dead at the weir or reported dead 
by anglers. We effectively tagged 917 fall chinook (35 grilse 
and 882 adults) at WCW during the 1991-92 season. We placed 
reward tags on 721 (26 grilse and 695 adults [78.6%]) of the 
effectively-tagged fall chinook at WCW (Table 7). After 
correcting for tag loss, we effectively reward tagged 702 fall 
chinook at WCW. 

We trapped 489 fall chinook at JCW, released 28 untagged, and 
recovered two of the tagged fish dead at weir. Therefore, we 
effectively tagged and released 459 fall chinook (55 grilse and 
404 adults) at JCW during the 1991-92 season. Reward tags were 
placed on 254 (53 grilse and 201 adults [53.3%]) of the 
effectively-tagged fall chinook at JWC (Table 7). After 
correcting for tag loss, a total of 250 fish was effectively 
reward tagged at JCW. 

Coho Salmon. We trapped 604 coho at WCW, two of which died in 
the trap; we released 15 untagged, and one tagged fish was found 
dead soon after tagging. Thus, we effectively tagged 586 coho 
(17 grilse and 569 adults) at WCW, including 400 with a reward 
tag (all adults) (Table 9). No adjustment for tag loss was 



necessary since all of the coho from WCW that reached TRH 
retained their spaghetti tags. 

We trapped 222 coho at JCW, and released nine fish untagged. 
There were no tagging mortalities. Thus, 213 coho (seven grilse 
and 206 adults) were effectively tagged at JCW, including 180 
with reward tags (Table 9). We adjusted the number of reward- 
tagged coho to 177 to compensate for tag shedding. 

Fall-run Steelhead. We trapped 638 steelhead at WCW, 26 of 
which were released untagged. There were no tagging mortalities, 
leaving 612 effectively-tagged adult steelhead (Table 11). 
Included in the total were 415 reward-tagged fish. No adjustment 
for tag loss was necessary since all of the steelhead from WCW 
that reached TRH retained their spaghetti tags. 

We trapped 103 steelhead at JCW, 12 of which were released 
untagged. We did not recover any dead steelhead. Therefore, we 
effectively tagged 91 adult steelhead, all but one with reward 
tags (Table 11). After correcting for tag loss, we effectively 
reward tagged 85 steelhead. Ten of the reward-tagged steelhead 
were fish that had been tagged and released at WCW and recaptured 
and rereleased at JCW. 

Taa Returns bv Analers 

S~rina-run Chinook Salmon. Anglers returned 42 reward tags 
(one grilse and 41 adults) of 298 effectively-reward-tagged 
spring chinook, for an overall harvest rate of 14%.. In past 
years, the harvest rate of spring chinook in the Trinity River 
basin upstream of Junction City has typically ranged from 13% to 
16%, but has been as high as 26% (Heubach 1984a, 1984b; Heubach 
and Hubbell 1980; Heubach et al. 1992; Zuspan et al. 1985). The 
mean EL of the spring chinook caught by anglers was 65.5 cm, 
similar to the mean for those spring chinook effectively tagged 
at the weirs (Table 2). The number of days between tagging and 
reported capture by anglers ranged from 5 to 98 d., with a mean 
of 41 d. 

Fall-run Chinook Salmon. Anglers returned 104 tags from fall 
chinook salmon tagged at WCW; seven non-reward tags, 45 $10- 
reward tags and 52 $20-reward tags. We estimate that 14% of the 
fall chinook were harvested in the Trinity River upstream of WCW. 
This harvest rate is typical of the Trinity River basin fall 
chinook harvest upstream of Willow Creek. Harvest rates usually 
have been greater than 10% (Heubach 1984a, 1984b; Heubach and 
Hubbell 1980; Heubach et al. 1992; Zuspan et al. 1985) with the 
exception of a low of 3.5% in 1990 and 6.5% in 1989 (Heubach et 
al. 1992). Anglers caught 19.2% (5126) of the effectively-tagged 
grilse and 13.6% (92/676) of the effectively-tag ed adults. The 
difference was not statistically significant (Xq=0.23, p=0.60) . 



The mean FL of the fall chinook from WCW caught by anglers was 
63.7 cm, similar to the mean for all effectively-tagged fall 
chinook from that location (Table 7). Anglers caught these fish 
from 1 to 60 d after being tagged, for an average of 23 d. 

Anglers returned only four tags from the 250 fall chinook 
effectively reward tagged at JCW. Therefore, anglers caught 2% 
of the fall chinook in the Trinity River that passed JCW. The 
average size of the fish caught was 64.2 cm FL, again similar to 
the average of those effectively tagged at JCW (Table 7). 
Anglers caught these fish from 5 to 35 d after tagging, for a 
mean of 18 d. 

Coho Salmon. Anglers returned tags from five WCW-tagged coho; 
two $10-reward tags and three $20-reward tags. We estimate the 
harvest rate of coho upstream of WCW was 1% (5/400). The mean 
size of the fish was 63.8 cm FL, similar to that of all the 
effectively-tagged coho from WCW (Table 9). The fish were caught 
from 8 to 34 d after being tagged, for a mean of 27 d. 

Only one $10-reward tag was returned from 177 coho effectively 
tagged at JCW. We estimate that anglers caught only 0.6% of the 
coho salmon that passed JCW. The angler caught this fish 12 d 
after it was tagged and released at JCW. The low harvest of coho 
salmon in the Trinity River this year is consistent with results 
of earlier studies (Heubach 1984a, 1984b; Heubach and Hubbell 
1980; Heubach et al. 1992a, 1992b; Zuspan et al. 1985). 

Fall-run Steelhead. Anglers returned 98 tags from WCW-tagged 
steelhead; 13 non-reward tags, 41 $10-reward tags, and 44 $20- 
reward tags. Based on the reward tags returned, we estimate 
anglers caught 20% of the steelhead migrating upstream of WCW. 
The mean size of the fish was 60.3 cm FL, similar to that of all 
the effectively-tagged steelhead from WCW (Table 11). The 
steelhead were caught from 2 to 212 d after being tagged, for a 
mean of 55 d. 

Anglers returned nineteen tags from steelhead tagged at JCW; one 
non-reward tag, 16 $10-reward tags, and two $20-reward tags. The 
two $20-reward tags were from fish that were tagged and released 
from WCW and recaptured and rereleased at JCW. Based on the 
reward tags returned, 21% of the steelhead migrating upstream of 
JCW were caught by anglers. The mean size of the steelhead 
reported caught was 58.4 cm FL, similar to that of all the 
effectively-tagged steelhead tagged from JCW (Table 11). Anglers 
captured fish from 4 to 174 d after tagging, for a mean of 66 d. 

Analvses of Non-reward and Reward Tas Returns 

Fall-run Chinook Salmon. Anglers returned 3.7% of the non- 
reward tags, 13.0% of the $10-reward tags, and 14.9% of the $20- 
reward tags applied to fall chinook salmon at WCW. The 



differences are highly significant (x2=15.9, p<0.01 [Table 121). 
The difference in the return rates of $10-reward and $20-reward 
tags was not statistically significant (x2=0.6, p=0.41). 

Coho Salmon. Anglers returned none of the non-reward, 1.0% of 
the $10-reward, and 1.5% of the $20-reward tags, but the 
differences were not statistically significant (Table 12). 

Fall-run Steelhead. Anglers returned 6.6% of the non-reward, 
19.3% of the $10-reward, and 21.7% of the $20-reward tags. The 
differences are highly significant (x2=19.4, p<0.01 [Table 121). 
The difference in return rates of $10- and $20-reward tags was 
not statistically significant (x2=0.2, p=0.75). 

Although anglers returned the $20-reward tags at a greater rate 
than the other tag denominations, the rate was not statistically 
different from that of the $10-reward tags. We believe the $20- 
reward tags may have encouraged some anglers to retrieve dead 
salmon from the river in hopes of finding a reward tag. Some 
anglers who returned a $20-reward tag stated in their return 
letters that they had released the fish after extracting the tag. 
This may explain the relatively high tag shedding rate of fall 
chinook tagged at WCW. Also, some reward-tagged chinook were 
reported to have been caught late in the spawning season, 
evidence that the fish were found dead in the river. A few 
anglers reported they had caught up to five reward-tagged fish, 
an unlikely probability. 

With the possibility that some anglers are resorting to illegal 
activities in order to catch a reward-tagged fish or are 
retrieving dead reward-tagged fish, we recommend that the 
application of $20-reward tags be discontinued in 1992. We will 
continue to use $10-reward tags. 

Salmon Suawner Survey 

S~rina-run Chinook Salmon. Personnel of the TFIP recovered 
one spring chinook tagged at WCW, and ten that had been tagged at 
J C W  in the salmon spawner survey. The ten fish from J C W  averaged 
68.8 cm FL, 2.9 cm greater than the mean for all spring chinook 
effectively tagged at JCW. However, this mean size difference 
was not significant (t=0.1, p<0.05). TFIP personnel recovered 
these fish from 67 to 148 d after they were released at JCW, with 
a mean of 101 d. 

Fall-run Chinook Salmon. Personnel of the TFIP recovered 19 
fall chinook in the spawner survey that had been tagged at WCW. 
They ranged in size from 58 to 76 cm FL, with a mean of 67.2 cm 
FL, which was 1.8 cm larger than the mean FL for all tagged fall 
chinook at WCW. This size difference was not significant (t=0.1, 
p<0.05). They had been tagged and released from 20 to 84 d 



before being recovered on the survey, with a mean of 54 d. 

Twelve JCW-tagged fall chinook were recovered on the spawner 
survey. They ranged in size from 58 to 78 cm FL, with a mean of 
66 cm FL, 3.5 cm greater than the mean FL for all chinook tagged 
at JCW. The difference in mean size between the two groups was 
not significant (t=0.1, ~~0.05). The fish were caught from 10 to 
33 d after release, with a mean of 22 d. 

Coho Salmon, Four coho salmon that had been tagged at WCW were 
recovered in the spawner survey. They ranged in size from 60 to 
68 cm FL, with a mean of 63.8 cm FL, over 5 cm greater than the 
mean FL for all tagged coho at WCW. However, this mean size 
difference was not significant (t=0.27, p<0.05). Personnel 
recovered these fish from 32 to 50 d after tagging, with a mean 
of 41 d. 

TFIP personnel recovered nine coho in the spawner survey that we 
tagged at JCW. They ranged in size from 49 to 70 cm FL, and 
averaged 61.6 cm FL, 1.4 cm less than the mean for all tagged 
coho at JCW. This mean size difference was not significant 
(t=0.01, p<0.05). TFIP personnel recovered these coho from 11 to 
28 d after tagging at JCW, with a mean of 17 d. 

Except for spaghetti-tagged coho from JCW, the mean FLs of 
spaghetti-tagged spring and fall chinook, and coho recovered in 
the spawner surveys were greater than the average for each of the 
original groups of fish at the respective weirs. Small sample 
sizes of recovered tagged fish may have resulted in the lack of 
significant differences between the recovered and original tagged 
groups. The apparently larger mean size of tagged fish recovered 
in the spawner survey is consistent with data collected during 
similar surveys in past years (Smith 1975, Heubach 1984, 1984b; 
Heubach et. al. 1992b, Zuspan et. al. 1985). It is possible that 
larger fish were more easily observed and recovered in the 
spawner surveys than smaller fish, or that predators removed the 
smaller fish more readily before they could be recovered. 

Trinitv River Hatchery 

S~rincr-run Chinook Salmon. Based on coded-wire tag recoveries, 
all of the 629 chinook salmon that entered TRH from 16 September 
through 7 October 1991 were spring-run fish. Their median entry 
date was 26 September (JW 39) and the last spring chinook entered 
the hatchery on 24 October 1991 (JW 43) (Table 13, Figure 9). We 
estimate 685 spring chinook (71 grilse and 614 adults) entered 
TRH during the 1991-92 season. 

We recaptured 86 spring chinook (nine grilse and 77 adults) at 
TRH that we had tagged at JCW, including one fish which had shed 
its tag. Thus, we recovered 28.6% of the spring chinook which 
were tagged at JCW (Table 13). Their median entry date was the 



TABLE 12. Awler - re tu rn  rates of ran-reuard and reuerd tags applied t o  f a l l - r m  chinook and coho s a l m ,  ud 
f a l l - r m  steelhe& i n  the T r i n i t y  River at u i l l o u  Creek Yeir duriw the 1991-92 season. 

E f fec t i ve  w b e r s  of tags applied a d  r e t u r d  by anglers a/ 

Yon-reward S 10 Reward S 20 Reuard 
Chi - 

Species l p p l i e d  Returned (X) *ppl ied Returned (X)  l p p l i e d  Returned (X) s w r e  P 

F a l l - r m  chinook 191 7 (3.7) 354 46 (13.0) 348 52 (14.9) 15.9 < 0.01 

Coho 186 0 (0.0) 201 2 (1.0) 1W 3 (1.5) 2.7 0.10 

F a l l - r m  steelhcad 196 13 (6.6) 212 41 (19.3) 203 44 (21.7) 19.4 < 0.01 
- - - - - - - - - - - 

a/ The m d e r  of effect ively-tagged f i sh  i s  corrected f o r  tagging m r t a l i t i e s  and tag shedding. 

TABLE 13. Total W r s  ud rurbers of Project-tagged chinook and coho s a l m  that entered T r i n i t y  River Hatchery 
&r ing the 1W1.92 sersm. a/ 

Chincot sallaon Coho s a k m  

spring rur Fal l  rm 

Tagged a t  lagged at Tapped a t  
Umber Yurber 

Entry Ju l i sn  entering Y i l l o u  J w t i m  Y i  l low Jmct  im entering U iLLw J m c t i m  
date b/ m k  TPH c l  Creek Yeir C i t y  Yeir Creek Weir Ci ty  Weir TPH c/ Creek Yeir C i ty  Yeir 

TOTALS 

a/ The f i sh  llddar was opn 16 Scpteker  l W 1  through 27 h r c h  1W2. 
b/ Entry date i s  considered the day the f i s h  were i n i t i a l l y  sorted, a1th-h they m y  have entered the hatchery a t  

any time a f t e r  the p r e v i w  sor t ing  p r i o d .  
c/ N h r s  shmm include tagged f i s h  that were recovered the $a day. TRH= T r i n i t y  River Hatchery. 
d/ F i p u r n  i n  parmthesia are f i sh  that  were tagged wd released a t  Y i l l o v  Creek Yeir  and recaptured and rereleased 

a t  J m c t i m  C i t y  Yeir, and that  s&ebsequently entered T r i n i t y  River Hatchery. They are i ~ l u d e d  in  to ta l s  shom. 
Median entry date (a i@inr  o f  t o t a l  mdaer o f  f i s h  recovered) in to  T r i n i t y  River Hatchery. The f i r s t  and secon 
8sterisks in the f i r s t  c o l u m  o f  tmmters shom f o r  ch i rmk  salmon are the est insted M i a n  a t r y  dates of n p r i w  
ud f a l l - r m  chinod: i n t o  T r i n i t y  River Hatchery respectively. 





same as for all spring chinook combined, 26 September 1991 
(JW 39). The mean FL of the Project-tagged spring chinook from 
JCW that entered TRH was 2.6 cm less than the average for all 
spring chinook effectively tagged at the weir. The difference 
was not statistically significant (t=0.32, ~ ~ 0 . 0 5 )  (Table 2). 
The Project-tagged spring chinook from JCW ! ?d been at liberty 
from 19 to 108 d (mean of 76 d) before entering TRH. 

We recovered nine (15.0%) of 60 Project-tagged spring chinook 
from WCW at TRH (Table 13). Their median entry date was 
10 October (JW 41), approximately two weeks after the median 
entry date for all spring chinook combined. 

The mean FL of the Project-tagged spring chinook from WCW that 
entered TRH was similar to that of all spring chinook effectively 
tagged at the weir (Table 2). They had been tagged at WCW from 
34 to 63 d before entering TRH, for an average of 50 d. 

We recovered 60 hatchery-marked spring chinook at TRH, but CWTs 
were recovered from only 45 of these fish (Table 14). The 
greatest returns of CWT fish were from the 1987 and 1988 BYs that 
had been released as smolts. The median entry date into TRH of 
all hatchery-marked spring chinook was 23 September 1991. 

Fall-run Chinook Salmon. The first fall chinook entered TRH 
10 October 1991 (JW 41), the run peaked 4 November (JW 44), and 
decreased steadily through 12 December (JW 50), when the last 
chinook entered the hatchery (Figure 9). The median entry date 
of all fall chinook was 4 November 1991 (Table 13). We estimate 
2,687 fall chinook (205 grilse and 2,482 adults) entered TRH 
during the 1991-92 season. 

We recaptured at TRH 267 fall chinook (nine grilse and 258 
adults) that we had tagged at WCW, 29% of those effectively 
tagged at the weir (Table 7). Seven of these fish had shed their 
spaghetti tags. The median entry date of the Project-tagged fish 
from WCW was 31 October 1991 (JW 44). These Project-tagged fish 
ranged from 42 to 79 cm FL, and averaged 62.5 cm FL, nearly 3 cm 
less than those effectively tagged (Table 7). However, the 
difference was not significant (t=0.64, p>0.05). These Project- 
tagged fish entered TRH from 13 to 62 d after tagging, averaging 
34 d, for a mean migration rate of 3.9 km/d. 

We recaptured 170 (13 grilse and 157 adults [37%]) JCW-tagged 
fall chinook, including three fish that shed their spaghetti tags 
(Table 13). These counts included fall chinook that had been 
tagged and released at WCW, and recaptured and rereleased at JCW. 
The median entry date of the Project-tagged fish from JCW was 
4 November 1991 (JW 44), the same as for all fall chinook 
combined. The Project-tagged fish recaptured at TRH ranged in 
size from 41 to 80 cm FL, with a mean of 61.6 cm FL, similar to 
the size of all fall chinook tagged at JCW (Table 7). Project- 



TABLE 14. Entry dates of coded-wire-tagged, Trinity River-strain, spring-run chinook 
salmon recovered at Trinity River Hatchery during the 1991-92 season. a/ 

Brood 
year 1986 1987 

Tag 
code 06-61-46 06-61-47 06-61-49 06-61-48 06-56-39 

Release 
date 09/24/87 05/23/8 05/26/89 10/24/8 10/01/90 

Entry Julian 
date b/ week 

Shed 
tag c/ Totals 

TOTALS 4 13 13 9 6 

a/ The fish ladder was open from 16 September 1991 through 27 March 1992. 
b/ Entry date is considered the date the fish were initially sorted, although they 

may have entered the hatchery any time after the previous sorting period. 
c/ No tag was recovered from the marked fish. All chinook salmon that shed a tag and 

were recovered from 16 September through 15 October are considered spring-run; 
salmon that shed tags and were recovered after 15 October are considered fall-run. 

* = Median entry date (midpoint of total number of fish recovered) into Trinity River 
Hatchery. 



tagged fall chinook from JCW entered TRH 2 to 30 d after tagging, 
averaging 9 d. Their average migration rate was 4.6 km/d, which 
appears slightly faster than that for fall chinook tagged at WCW. 

We recaptured 317 hatchery-marked fall chinook at TRH, and 
recovered 301 CWTs (Table 15). Fall chinook from the 1987 and 
1988 BYs released as yearlings composed 73% of the CWT fish 
recovered at TRH. The median entry date of the hatchery-marked 
fall chinook was 31 October 1991 (JW 44). 

Coho Salmon. The first coho entered TRH on 7 October 1991 
(JW 40). The number of coho entering TRH remained low through the 
end of JW 42 (21 October) but increased rapidly thereafter 
through JW 46 (12-18 November), when the run peaked (Figure 10). 
The median entry date was 14 November (JW 46). The number of 
coho entering TRH decreased thereafter through 12 December 1991 
(JW 50), the last day coho entered the hatchery. We counted 
2,688 coho (98 grilse and 2,590 adults) entering TRH during the 
1991-92 season (Table 13). 

We recovered 172 coho (all adults) at TRH that had been tagged at 
WCW. Thus, we recovered 29.4% of the coho effectively tagged at 
WCW. All of these coho had retained their spaghetti tag. The 
median entry date of Project-tagged coho that entered TRH was 
12 November 1991 (JW 46) (Table 13). The coho ranged in size 
from 54 to 74 cm FL, and averaged 63.7 cm FL, essentially the 
same size as all coho effectively tagged at WCW (Table 9). The 
Project-tagged coho entered TRH from 8 to 63 d after tagging with 
a mean of 30 d. Their mean migration rate was 4.4 km/d. 

We recovered 143 coho (six grilse and 137 adults) at TRH that had 
been tagged at JCW, including 15 coho originally tagged at WCW 
that were recaptured and rereleased at JCW. Thus, we recovered 
67% of the coho effectively tagged at JCW (Table 13). The total 
also included two coho that had shed their tags. The median 
entry date of all Project-tagged coho from JCW was 11 November 
1991 (JW 46). These fish ranged in size from 41 to 72 cm FL and 
averaged 63.3 cm FL, essentially the same as the size of all coho 
effectively tagged at JCW. 

The Project-tagged coho from JCW took from 2 to 27 d to migrate 
to the hatchery, for a mean of 8 d. Their mean migration rate 
was 5.6 km/d. The 14 coho originally tagged at WCW that were 
recaptured and rerelease at JCW migrated at an average rate of 
3.6 km/d from WCW to JCW, and from there to TRH at 5.8 km/d. 

We recovered five CWTs from eight hatchery-marked coho that 
entered TRH. All the fish were from the 1989 BY that were 
released in March 1991 as yearlings (Table 16). We did not 
expect any hatchery-marked adult coho this year, as none of the 
coho from the 1988 BY produced at TRH were marked during the 
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TABLE 16. Entry dates of coded-wire-tagged, Trinity River- 
strain, coho salmon recovered at Trinity River Hatchery 
during the 1991-92 season. a/  

Brood year 1989 

Tag code 06-56-60 

Release 
date 03/18/91 

Entry Julian Number 
date b/ week recovered No tag c/ Totals 

Totals 

a/ The fish ladder was open from 16 September 1991 through 
27 March 1992. 

b/ Entry date is considered the date the fish were initially 
sorted, although they may have entered the hatchery any 
time after the previous sorting period. 

c/ No tag was recovered from the marked fish. 



spring of 1990 

Fall-run Steelhead. The first steelhead entered TRH on 
7 October 1991 (JW 40), but the numbers entering the hatchery 
remained low through JW 45 (5-11 November) (Figure 11). 
Relatively large numbers of steelhead entered the hatchery from 
JW 44 through 48 (29 October-2 December), then decreased and 
remained low from JW 49 through 3 (3 December 1991-21 January 
1992). The number of steelhead entering the hatchery again 
increased substantially JW 5 through 12 (29 January-25 March 
1992). The last steelhead entered the hatchery 27 March 1992 
(JW 13) when the fish ladder was closed. The temporal 
distributions in the entry of adult and sub-adult steelhead into 
the hatchery appeared to be essentially the same. The median 
entry date of all steelhead into TRH was JW 6 (2-11 February 
1992). A total of 573 steelhead (127 sub-adults and 446 adults) 
entered TRH during the 1991-92 season (Table 17). 

We recovered 423 steelhead at TRH that had originally been fin 
clipped by TFIP personnel (Appendix 4)e1. The 1988 and 1989 BYs 
released in March 1990 and March 1991, respectively, as two-year- 
olds composed 78% of the fin-clipped steelhead entering TRH 
(Appendix 4). It is possible that some of the fin-clipped 
steelhead entering TRH which we thought were from the 1988 BY 
were actually 1990 BY fish that had been given a similar fin clip 
before being released 16 March 1991(JW 11). 

Ninety-four percent of the sub-adult and 68% of the adult 
steelhead that entered TRH were fin clipped, the difference being 
highly significant (x2=33.7, p<.01). This difference may be due 
to a large number of non-migratory, (i.e. resident) sub-adult 
steelhead produced at the hatchery reentering TRH. Steelhead of 
the 1990 BY released from TRH on 16 March 1991 (JW 11) could have 
reentered the hatchery in sufficient numbers to increase the 
proportion of fin-clipped sub-adult steelhead returning to the 
hatchery. Not all of the steelhead released in 1990 that 
returned to TRH in 1991 were >41 cm FL, so some would have been 
considered sub-adults (Appendix 5). The mean FL of non-fin- 
clipped adult steelhead that entered TRH, 62.5 cm, was greater 
than the fin-clipped adult steelhead, 55.3 cm FL, although the 
difference was not significant (t=1.20, p<0.20). 

Twenty-three Project-tagged steelhead from WCW entered TRH 
(Table 17). The first nine entered the hatchery during JWs 46 
and 47 (12 November-25 November 1991), but the majority entered 
the hatchery after JW 2 (8-14 January 1992). The median entry 
week of these Project-tagged steelhead was JW 6 (5-11 February 

61 Does not include two adipose and one right pectoral fin- 
clipped steelhead. 
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FIGURE 11. Numbers of  sub-adult (541 c m  FL)  and adul t  (241 c m  FL) s tee lhead t h a t  entered 
Tr in i ty  River Hatchery each Jul ian  week during the  1991-92 season.  The f i s h  ladder was open 
from 16 September 1991 through 27 March 1992. 



Table 17. Total numbers and numbers of Project-tagged fall-run 
steelhead recovered at Trinity River Hatchery during the 1991-92 
season. a/ 

Tagged at: 
Julian 
week b/ Number Willow Junction 
(dates) entering TRH c/ Creek Weir City Weir 

40 (10 /01-10 /07)  1 1 
4 1  (10108-10/14)  0  0  
42 (10115-10121) 1 0 
43 (10122-10/28)  2  0  
44 (10129-11/04) 13  1 
45 (11105-11/11)  5 0  
46 (11/12-11/18)  7  1 6 7 * ( 1 )  d/ 
47 (11119-11/25]  60 3  3  
48 (11/26-12/02)  23 0  0  
49 (12103-12/09) 8  0  2 
50 (12110-12/16)  4  0  0  
5 1  (12117-12123) 2  0  0  
52 (12124-12/31)  0  0  0  
0 1  (01 /01-01 /07)  4  0  0  
02 (01 /08-01 /14)  13 1 0 
03 (01115-01/21)  2  0  0  
04 (01122-01/28)  10  0 0  
05 (01129-02/04)  4  1 1 0 
06 (02105-02/11)  2 1  * 1 * 1 
07 (02112-02/18) 44 3  0  
08 (02/19-02/25)  6 1  3  0  
09 (02126-03/04)  78 3  1 
1 0  (03/05-03/11)  5 1  1 0 
11 (C3112-03/18) 33 1 1 
12 (03119-03/25)  24 
13 (03/26-04/01)  1 

TOTALS 57 3 2  3  17  ( 1 )  

a/ The fish ladder was open from 16  September 1 9 9 1  through 
27 March 1992. 

b/ Entry week is considered the week the fall-run steelhead 
were initially sorted, although they may have entered 
the hatchery any time after the last sorting period of the 
previous week. 

c l  Numbers shown include tagged fish recovered the same day. 
Tl?H=Trinity River Hatchery. 

d/ Figures in parenthesis are fish tagged and released at 
Willow Creek Weir and recaptured and rereleased at Junction 
City Weir that subsequently entered Trinity River Hatchery. 
They are included in the totals shown. 

*= Median entry week (midpoint of total fish recoveries) at 
Trinity River Hatchery. 



1992), the same as the untagged steelhead. The Project-tagged 
steelhead from WCW that were recaptured at TRH ranged in size 
from 59 to 72 cm FL, with a mean of 64.8 cm FL, 3.6 cm greater 
than the mean of all steelhead effectively tagged at the weir 
(Table 11). However, the difference was not significant (t=0.43, 
p<0.05). We tagged these steelhead at WCW from 32 to 153 d 
before they entered TRH, with a mean of 97 d. They migrated at a 
mean rate of 1.4 km/d. 

We recaptured 17 Project-tagged steelhead from JCW at TRH, 
including one fish that we tagged and released at WCW and 
recaptured and rereleased at JCW. One fish had shed its tag. 
The first Project-tagged steelhead from JCW entered the hatchery 
during JW 40 (1-7 October 1991). Unlike the Project-tagged 
steelhead from WCW, most of the steelhead tagged at JCW entered 
TRH before mid-December (Table 17). The median entry week of 
steelhead tagged at JCW was JW 46 (12-18 November), nearly three 
months before that of Project-tagged steelhead from WCW and 
untagged steelhead. In the 1990-91 season, the median entry week 
of the Project-tagged steelhead from JCW into TRH was JW 7 (12-18 
February), which was one week later than all steelhead and three 
weeks later than the Project-tagged steelhead from WCW (Heubach 
et al. 1992b). We do not know the reason for their earlier entry 
into the hatchery this year. Recaptured Project-tagged steelhead 
from JCW ranged from 47 to 72 cm FL with a mean of 62.1 cm FL, 
essentially the same as the mean for all effectively tagged fish 
at the weir (Table 11). The fish entered TRH from 8 to 132 d 
after they were tagged, for a mean 35 d. They had migrated at an 
average rate of 1.2 km/d, essentially the same rate as Project- 
tagged fish from WCW. 

Run-size, Angler Harvest, and Spawner Escapement Estimates 

We did not stratify the spring chinook run-size estimates 
upstream of JCW and fall chinook and coho upstream of both WCW 
and JCW by grilse and adults this year. We tagged and recovered 
too few grilse to estimate the grilse run-size within ?lo% at 95% 
confidence limits. Therefore, our non-stratified estimates used 
the respective proportions of grilse and adult spring chinook at 
JCW, and coho at WCW or JCW to define the grilse/adult 
composition of each run-size estimate. Since there was such a 
large disparity between the grilseladult composition of fall 
chinook at WCW vs. JCW, we used the grilse/adult composition at 
TRH for the fall chinook runs upstream of both weirs. We made no 
attempt to stratify the adult steelhead run-size estimate by 
naturally vs. hatchery-produced fish because we believe that the 
fin-clipped, hatchery-produced steelhead released from TRH during 
1989 and 1990 were not fully recruited as adult steelhead during 
the 1991-92 season. 



S~rina-run Chinook Salmon 

We estimate 2,381 spring chinook (including those eventually 
harvested) migrated into the Trinity River basin upstream of JCW 
during the 1991-92 season (Table 18). Anglers caught an 
estimated 14.1% (336) of the spring run (Table 19). Thus, the 
spawning escapement above JCW was estimated to be 2,045 fish, 
including the 685 spring chinook that entered TRH (Table 19). 

The 1991-92 season spring chinook salmon run-size and spawner 
escapement estimates are the lowest since the monitoring program 
began in 1978. 

Fall-run Chinook Salmon 

We estimate 9,207 fall chinook (including those eventually 
harvested) migrated into the Trinity River basin upstream of WCW 
during the 1991-92 season, and 7,231 of these fish continued 
their migration upstream of JCW (Table 18). Anglers harvested an 
estimated 13.8% (1,271) of the fall chinook passing WCW, 
including 118 fish caught upstream of JCW (Table 19). Therefore, 
we estimate 7,936 fall chinook spawned in the Trinity River basin 
upstream of WCW, and 7,113 of those fish spawned in the Trinity 
upstream of JCW, including 2,687 fall chinook that entered TRH 
(Table 19). 

The 1991-92 fall chinook run-size estimate upstream of WCW was 
785 fish less than in the 1990-91 season, which was the previous 
low since 1977, when the monitoring program began. 

Coho Salmon 

We estimate 9,124 coho (including those eventually harvested) 
migrated into the Trinity River basin upstream of WCW during the 
1991-92 season, and 3,996 of these fish continued their migration 
upstream of JCW (Table 18). An estimated 1.2% (109) of the coho 
were harvested by anglers upstream of WCW, 24 of which were 
caught up-stream of JCW (Table 19). Thus, the spawning 
escapement estimate for coho upstream of WCW was 9,015 fish, 
including 3,972 fish that spawned upstream of JCW, 2,688 of which 
entered TRH. 

The 1991-92 coho run size upstream of WCW is nearly 2.5 times 
that of the 1990-91 season, but only about one-half the size of 
the 1989-90 season run (Heubach et al. 1992a, 1992b). 

Adult Fall-run Steelhead 

We estimate 11,417 adult fall-run steelhead migrated upstream of 
WCW (including those harvested by anglers); 2,285 steelhead 
continued their migration upstream of JCW (Table 18). Anglers 
harvested an estimated 20.5% (2,340) of the steelhead upstream of 



Table 18. DPU u..d to generate Trinlry Rwa basin chinook and coho salmon, and fall-run steelhead run-saa astimates 
duringthe 1991-92 mason. 

- 

Sped../ 
rmco 

Spring-run 
chinook 

Fail-run 
chinook 

Fall-run 
chinook 

Coho 

Coho 

FdI-run 
steelhead 

FJI-run 
sledhead 

*ru d 
eslimal. 

Trinity R i v r  
basin above 
Junction City 
Wei, 

Trinity Rwa 
basin abms 
Willow Cr.3 
Well 

Trinity R w r  
bsdn abws 
Jundon CW 
well 

TdnHy R w r  
basin abwo 
Willow Creek 
Wdr 

TrinHy R i v r  
basin abwe 
Junction City 
Well 

Trinity R k r  
barin abwe  
Wulow Creek 
W Y  

Trlnltv R i v r  
basin above 
Jundon City 

Numbr  N u m b r  N u m b r  
S&s Mecliiely euminad d h g s  Run-size Coddmc. Imils 
C ~ I S  ld .ed II tor U p  in sample aatimate 1-P = 095 

Grill. b l  24 71 9 190 
Adub  2ZL !XU - 77 LlU 

Told 301 685 86 2.381 1.913 - 2.895 d 

Grilss d/ 35 205 9 681 
A d u b  882 2,482 258 8.526 

Grilse d l  55 205 13 552 
A d u b  404 2.482 157 6.679 

aI The nurnbr  d decth'dy tagged fish is carsctsd fwPgglng mmial'ifias. 
b/ Spring-run chnook salmon grilsa u. 553 crn FL: sduii. u a  >53 cm FL 
EI Coddenca Bml. w a s  estimated by Polason appraldmalion. 
d l  FalI-run chinook salmon gril8.u. 151 crn FL: .duns u e  >51 crn FL. 
./ Confidsnca I m h  wr. .stimatsd by Nwrnal approdmation. 
V Coho salmon grilseu. ~ 4 9  srn FL: .dulls u. z4S sm FL. 



Tabb 19. Tridty River basin chinook and coho salmon. and fali-run stealhead run-.he. angler harvest. and spawner 
emapernent ertirnates during the 1991 -92 season. 

- 
Spawner escapement 

Spaclesi Area of Size Angler Trinity River 
race .slimate class Run-size harvest (%) Nmtural Hatchery Total 

Spring-run 
chinook 

Fdi-run 
chinook 

Fdl-run 
chinook 

Coho 

Coho 

Fall-run 
steelhead 

Fall-run 
steelhead 

Trinity River 
basin above 
Junction Chy 
Weir 

Trinity River 
basin above 
Willow Creek 
Welr 

Trinity River 
bsdn above 
Juncdon Chy 
Weir 

Trinity River 
basin above 
Willow Creek 
Weir 

Trinity River 
basin above 
Junction City 
Welr 

Trinity River 
basin above 
Willow Creek 
Weir 

Trinity River 
badn above 
Junction Chy 
Weir 

Grilse a/ 190 27 92 71 163 
Adults 0s 1.268 W 

Total 2.381 336 114.1) 1,360 685 2.045 

Qr i lu  b/ 681 €4 382 205 587 
Adults z 
Total 9,207 1.271 (13.8) 5,249 2.687 7.936 

Grilse b/ 552 9 338 205 543 
Adults 6.679 B,J70 

Total 7,231 118 (1.6) 4.428 2.687 7.113 

Grilse 01 265 3 164 98 262 
Adults 106 &pg 

Total 9.124 109 (1.2) 6.327 2,688 9,015 

Orilse c/ 131 1 32 98 130 
Adults 3.865 - 23 &!&J 

Total 3.996 24 (0.06) 1.284 2,688 3.972 

Adults d l  11.417 2.340 (20.5) 8.631 446 9,077 

Adults d l  2.285 484 (21.2) 1.355 446 1,801 

./ Spring-run chinook salmon gri lw are 553 cm FL: adlns are >53 crn F L  
b/ Fdl-run chinook rolmon g r i w  are ~ 5 1  om FL; adutr are >51 cm F L  
C/ Coho u l m o n  g r i l u  are ~ 4 9  cm FL; adults are 2-89 cm FL. 
d l  Fdl-run dee lhed  adults are > 41 cm F L  

; , i ,  ,',. - T ,A " I  
, 

i. . ~ , \ ~. 
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WCW, 484 of which were caught upstream of JCW. Thus, we estimate 
the spawning escapements of adult fall-run steelhead at 9,077 and 
1,801 fish upstream of WCW and JCW, respectively, 446 which 
entered TRH (Tables 18, 19). 

RECOMMENDATIONS 

Tag and recapture operations for adult spring-run and fall- 
run chinook and coho salmon, and adult fall-run steelhead 
being conducted in the Trinity River basin should be 
continued during the 1992-93 migration season, using the 
capture sites near Willow Creek and Junction City. 

The use of $20-reward tags should be discontinued because of 
evidence that it encouraged anglers to fish exclusively for 
a reward-tagged fish and to recover dead salmon during the 
spawning season. Use of the $10-reward tags should be 
continued at both weir sites. 
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Appendix 1. List of Julian weeks and their calendar date equivalents. 

Calendar dates Calendar dates 

Julian Julian 
week Start Finish week start Finish 

g/ Eight-day week in each year divisible by 4. 
b/ Eight-day week every year. 



APPENDIX 2. Fork Lengths of coded-rire-tagged, T r i n i t y  River-st ra in spr ing- rm chinwk sel- recovered 
at T r i n i t y  River Hatchery during the 1-1-92 aeason. a/ 

Brood year 1986 1987 1988 1989 
- - - 

Tap c& 06-61-46 06-61 -47 06-61-LO 06-61 -48 06-56-39 - - - - - 
Release dmte 09/24/87 05/23/88 05/26/89 10124189 10101 190 - - - - - 

fork 
l w t h  (m) Shed tap  b l  Totals 

TOTALS 4 13 13 
Mean FL 73.2 68.8 64.4 

a1 The f i s h  ldder w e  opn frm 16 Septarlrr 1W1 t h r q h  27 March 1W2. 
b/ Yo tap was recovered f r m  the lurked f ish. A l l  chinook B a l m  that shed I tap d were recovered 

16 Septar l r r  through 15 October are cowidered spring-M chinwk; a a l m  that shed tags Md were 
recovered a f t e r  15 OctDbcr 1Wl are considered f a l l - r m  c h i m k .  



APPENDIX 3. Fork lengths of coded-wire-tagged, 
Trinity River-strain coho salmon recovered at 
Trinity River Hatchery during the 1991-92 season. a/ 

Brood year 1989 

Tag code 06-56-60 

Release date 03/18/91 

Fork Number 
length (cm) recovered No tag b/ Totals 

Totals 5 3 8 
Mean FL 42.8 40.7 42.0 

a/ The fish ladder was open from 16 September 1991 
through 27 March 1992. 

b/ No tag was recovered from marked fish. 



APPENDIX 4 .  Release and recapture data for Trinity River Hatchery-produced, fin-clipped and non- 
fin-clipped fall-run steelhead in the Trinity River during the 1991-92 season. 

Release data Recapture data 

Mean willow Junction Angler Trinity 
Brood Number fork length Creek City tag River 

Fin clip year released Date (cm) Weir Weir returns Hatchery 
- - - 

Right ventral a/ 1988 

Left ventral 1989 

Adipose, 1989 
right ventral 

Adipose, 1990 
left ventral 

Adipose b/ - 
Right - 
pectoral b/ 

Non-fin clipped c/ 

TOTALS 

a/ Some right ventral fin-clipped fall-run steelhead that entered Trinity River Hatchery may be 
1990 brood year fish that were released from the hatchery 16 March 1992. 

b/ Fin clip is of unknown origin. 
c/ Non-fin-clipped fall-run steelhead are either Trinity River Hatchery- or naturally produced. 



APPENDIX 5 .  Fork lmgths of T r i n i t y  River Hatchery-pr-ed, f in-c l ipped f a l l - r m  steelhead t r a m  i n  the T r i n i t y  River at 
u i l l w  Creek and J v r t i o n  Ci ty  weirs, nd that entered T r i n i t y  River Hatchery during the 1Wl-92 SeaSM. 

u i l l o r  Creek U e i r  a/ J u w t i m  Ci ty  Ueir b/ T r i n i t y  Rlvcr Hatchery I c  

Fork Ad Ad Ad Ad Ad Ad 
lmgth (a) .-...........- 

TOTNS 50 1 1  7 4 2 13 10 8 5 178 n 154 311 2 1 
MenFL  65.2 50.3 1.4 35.5 59.5 62.7 57.0 41.4 4 58.7 56.5 401 1 57.5 64.0 

a/ Trlppiw at  U i l l w  C r &  Weir took p l u c  frm J u l i n  meek 34 (20 Augwt) t h r w h  J u l i n  ueek 50 (13 Dec&r) of 1991. 
b l  I r a w i w  at J u v t i m  C i ty  Ueir t d  place f r m  Jul ian meek 21 (21 May) through J u k i n  wet  50 (13 D e c h r )  of 1-1. 
C/ The f i sh  ladder wr opn 16 Septerkr  1991 t h r w h  27 March 1-2. 
d l  I V  = Rlght ventral f i n  c l lp ;  l9BB brood year, released f r m  T r i n i t y  l i v e r  Hatchery 15 March 1990. I t  i s  possible 

that 1990 brood year f i ah  v i t h  a s imi lar  f i n  c l i p  released 16 March 1W2, also entered the hatchery a f te r  that date. 
e l  LV * Lef t  v m t r a l  f i n  c l ip ;  1989 kmd year, released frm Tr in i t y  River Hatchery 6 b d  23 )(arch 1990. 
h l  Ad = Adipose f in c l i p :  m k m  origln. 
i l  RP i R i g h t  pectoral f i n  c l ip :  mbnw origin. 
f l  A d l V  = Adipose nd right v m t r a l  f i n  cl ip; 1989 brood year, rrleased f r a  T r i n i t y  River Hatchery ud S a w i l l  Pond 18 

*arch 1W1. 
91 MV = Ad ipse  nd l e f t  ventral f i n  cl ip; 1990 brood year, released frca T r i n i t y  River Hatchery 10 March 1991. 
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JOB V 
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ESCAPEMENTS MADE BY CHINOOK AND COHO SALMON PRODUCED 

AT TRINITY RIVER HATCHERY 

Bill Heubach and Ed Miller 

ABSTRACT 

Between 1 July 1991 and 30 June 1992, the California Department 
of Fish and Game's Trinity River Project marked (adipose fin- 
clipped and binary coded-wire tagged) five groups of chinook 
salmon (Oncorhvnchus tshawvtscha) and one group of coho salmon 
(Q .  -) at Trinity River Hatchery. The fish were released 
into the Trinity River below the hatchery. We marked 292,916 
spring-run and 309,456 fall-run chinook salmon, and 52,233 coho 
salmon. 

Recovery operations at Trinity River Hatchery captured 385 
adipose fin-clipped chinook and coho salmon. Coded-wire tags 
were recovered from 45 spring-run and 301 fall-run chinook 
salmon, and five coho salmon. 

Run-size, angler harvest, and spawner escapements of marked 
spring- and fall-run chinook of the 1986 through 1990 brood years 
are presented. Complete returns were only available for fish 
from the 1986 brood year, returning as two- through five-year- 
olds. Based on coded-wire tags collected from 1988 through 1991, 
we estimate that 2,063 spring-run and 5,191 fall-run chinook 
salmon from the 1986 brood year returned to the Trinity River 
basin upstream of Junction City Weir and Willow Creek Weir, 
respectively, as two- through five-year-olds. An estimated 12 
coho salmon of the 1989 brood year also entered the Trinity River 
basin upstream of the Willow Creek Weir this season. 



JOB OBJECTIVES 

To determine relative return rates and the contribution to 
spawning escapement and the fisheries made by chinook and coho 
salmon produced at Trinity River Hatchery, and to evaluate 
experimental hatchery management practices aimed at increasing 
adult returns. 

INTRODUCTION 

During the period of 1 July 1991 through 30 June 1992, the 
California Department of Fish and Game1s (CDFG) Trinity River 
Project marked (adipose fin-clipped and coded-wire tagged 
[Ad+CWT]) and released chinook salmon smolts and yearlings, and 
yearling+ coho salmon produced at Trinity River Hatchery (TRH), 
and recaptured fish from previously marked brood years (BY) 
returning to TRH. Similar marking studies began at TRH in 1977 
with the marking and release of fall-run chinook salmon (fall 
chinook) from the 1976 BY. Beginning with the 1977 BY, 
representative, marked subsets of TRH-produced fish have been 
included in all releases of smolt, yearling, and yearling+ 
spring-run (spring chinook) and fall chinook released from TRH 
and its associated off-site rearing locations. Beginning in 
1978, representative samples of coho salmon (coho) were marked 
and released from TRH in most years, except BY1s 1987 and 1988. 

These earlier studies were funded variously by the U.S. Bureau of 
Reclamation (USBR), and with Anadromous Fish Act funds 
administered by the U.S. Fish and Wildlife Service. The current 
program has been funded by the USBR since 1 October 1989. 

These marking studies are designed to provide survival rates and 
catch-to-escapement ratios for spring and fall chinook and coho 
salmon reared at TRH. State and Federal management agencies need 
to evaluate the contributions of salmon produced at TRH to the 
various fisheries and spawner escapements in the Trinity River 
basin, in order to properly manage hatchery production and 
fishery harvest. 

METHODS 

Fish Marking and Release 

Marking and release methods were similar to those used in the 
1990-91 season. Salmon selected for marking at TRH were crowded 
into a small area beneath a marking shed situated over their 
rearing pond. After crowding, fish were dip-netted into a 152.4 
x 61.0 x 76.2-cm wooden holding tank in the tagging shed through 
which water from the pond was circulated. We dip-netted 
approximately 25 fish at a time from the holding tank into pans 
containing an anesthetic solution of tricaine methanesulfonate 



(MS 2 2 2 ' ' ) .  Once anesthetized, we marked the fish by removing 
their Ad fin and injecting a CWT into their rostrum. A NMT MK 4i' 
tagging unit was used to tag smolt spring chinook with half- 
length CWTs, and yearling chinook and coho with full-length tags. 

After marking, fish were dropped into a funnel supplied with 
running water that led to a quality control device. The quality 
control device magnetized the CWT, detected the tag, and tallied 
the tagged fish. Tagged fish continued through the funnel and 
dropped into a rearing pond situated next to the pond containing 
the unmarked fish. If a fish had not received a CWT, the quality 
control device gave a warning signal and diverted the fish into a 
funnel leading to a rejection bucket. Periodically, fish in the 
rejection bucket were re-anesthetized, re-tagged, and dropped 
into the funnel leading to the quality control device. 
Periodically during the marking period, we inspected samples of 
fish for the depth of CWT insertion, tag retention, and quality 
of the fin clip. 

All tagged fish from a particular mark group were held in 
separate rearing ponds until release. Immediately before the 
marked salmon were released, a systematic sample of 300 to 400 
fish from each tag group was examined for CWT retention and the 
quality of the Ad clip, and measured to the nearest mm fork 
length (FL) . 
The total number of "effectively-markedn (properly tagged and 
fin-clipped) fish released was calculated by subtracting 
mortalities, during and after tagging operations, and the 
estimated numbers of fish that had shed CWTs or were improperly 
fin clipped from the total fish marked. 

All tagged fish of a particular CWT group were released 
concurrently with unmarked fish of the same strain, BY, and size 
in the Trinity River immediately below TRH. 

Coded-wire Tag Recovery 

The TRH fish ladder was open from 16 September 1991 through 
27 March 1992. Hatchery personnel conducted fish sorting and 
spawning operations two days per week. 

Fish were sorted by species and spawning condition. Each fish 
was examined for Project tags and fin clips, and its sex and FL 
(cm) were recorded. Marked fish which were not ready to spawn 
were given a distinguishing fin clip and placed in ponds to 
ripen. Later, when the fish were killed and spawned we 

u ~ h e  use of brand names is for identification purposes only, and 
does not imply the endorsement of any product by the CDFG. 



determined the initial day the fish was sorted from its unique 
fin clip. These dates were used in Chapter IV to document the 
timing of the returns of hatchery fish to TRH. At this time, we 
removed heads of all Ad-marked salmon and placed each in a zip- 
lock bag with a serially numbered tab noting the date, location 
recovered, species, sex, and FL. Salmon heads were frozen and 
given to the CDFG/Ocean Salmon Project for tag recovery and 
decoding (Ocean Salmon Project personnel provided us with a 
computer file of the CWT recovery data for editing and analysis). 

Run-size, Contribution to Fisheries and Spawner 
Escapement of Coded-wire Tagged Salmon 

The data needed to estimate the numbers of the salmon of a 
specific CWT group that returned to the Trinity River basin, and 
contributed to the fisheries and spawner escapement are: 1) run 
size; 2) the proportions of the run comprised by the various CWT 
groups; and 3) the harvest rate. Methods to determine the run- 
size and harvest estimates are presented as a part of Task IV 
(pp 103 - 167). The same sets of equations employed during the 
1990-91 season were used to determine run-size, harvest, and 
spawner escapement (Heubach, et al. 1992). To estimate numbers 
of the salmon with a CWT above a specific weir site , we used the 
equation: 

where, N, = estimated number of the specific species of salmon 
above the weir with a CWT; NW,, = number of salmon observed at 
the weir with an Ad clip; NW = total number of salmon observed at 
the respective weir; NH, = number of salmon observed at TRH 
with an Ad clip a CWT; NH- = total number of Ad-clipped 
salmon observed at TRH; and Nm.,,- = run-size estimate. 

Using the various CWT groups recovered at TRH, we estimated the 
fraction of the population upstream of the weir with a specific 
CWT with the equation: 

where, E,, = fraction of the salmon population with a specific 
CWT code; and N L ,  = number of salmon observed at TRH with a 
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specific CWT code. 

We estimated the total number of chinook salmon upstream of the 
weir with a specific CWT code with the equation: 

where, N,, = estimated total number of salmon of a specific 
CWT code group. 

The estimated number of fish from each CWT code group caught in 
the Trinity River sport fishery upstream of the weir was then 
estimated by the equation: 

where, SF,, = number of salmon of a specific tag-code group - caught in the Trinity River sport fishery; and Nw,,- - 
harvest rate estimate. 

We estimated the total number of fish of a specific CWT code 
group available to the spawner escapement by the equation: 

where, N,- = the total number of salmon of a specific CWT 
group available to the spawner escapement. 

The estimated number of salmon of specific CWT code group 
available to natural spawner escapement is: 

where, N,,- = the estimated number of a specific CWT group 
contributing to natural spawning escapement. 

All estimates for spring and fall chinook are for the Trinity 
River upstream of Junction City Weir (JCW) (river km [RKM] 136.4) 
and Willow Creek Weir (WCW) (RKM 4 6 . 8 ) ,  respectively. 



RESULTS AND DISCUSSION 

Fish Marking and Release 

Five groups of chinook salmon reared at TRH, totaling 602,372 
fish, were marked (Ad+CWT), and released into the Trinity River 
below the hatchery during October 1991 and June 1992 (Table 1). 
Two groups of spring chinook yearlings and one group of fall 
chinook yearlings were released in October 1991. All three 
groups were from the 1990 BY. The two groups of yearling spring 
chinook were released as a replicate tag experiment to determine 
variability in the numbers of CWT fish caught in the fisheries 
and returning to the hatchery. Spring and fall chinook smolts of 
the 1991 BY were released in June 1992. We also marked (Ad+CWT) 
coho from the 1990 BY at TRH. The coho were released into the 
Trinity River below TRH in April 1992 (Table 1). 

Fall chinook from the 1990 BY which were released as yearlings 
were the survivors of a pandemic of Infectious Hematopoietic 
Necrosis (IHN) that occurred during the spring of 1991 (Heubach, 
et al. 1992). The 1990 BY spring chinook were also exposed to 
the disease but suffered little mortality. There was very little 
mortality of these spring and fall chinook during marking, 
suggesting they were in good condition (Table 1). Hatchery 
personnel considered the fish to be in excellent condition when 
released. 

Spring and fall chinook of the 1991 BY released as smolts were 
not exposed to any pathogens, so far as we know, and mortality 
during and following marking was very low (Table 1). They were 
also considered to be in excellent condition when released. 

The 1990 BY coho released in April 1992 were infected with 
Bacterial Kidney Disease (BKD), Corvnebacterium SDW., at various 
times while being reared at TRH, but there was no apparent 
mortality due to the disease. Also, there was very little 
mortality while they were being marked (Table 1). Hatchery 
personnel considered them to be in fair condition when released 
because they still tested positive for BKD. 

All chinook and coho tag groups were released concurrently with 
unmarked fish of the same BY, strain, and size. 

Coded-wire Tag Recovery 

We recaptured 385 marked (Ad+CWT) chinook and coho at TRH during 
the 1991-92 season. CWTs were recovered from 4 5  spring chinook, 
301 fall chinook, and five coho (Table 2). Spring chinook from 
the 1987 and 1988 BYs, released as smolts, comprised 58% of the 
CWTed spring chinook we recovered, while the remainder were 1986, 
1988 and 1989 BY fish released as yearlings. Fall chinook of the 
1987 and 1988 BYs, released as yearlings, comprised 77% of the 



TABLE 1. Code-uire-tagged (CUT) and vnarked chinoak and coho aa lnm releases f r m  T r i n i t y  River Hatchery f ran  1 July 1991 throuah 30 J v r  lW2. I/ 

Extrapolated uur lx r  of ~ e l c m c  silt Ulnvlrked 
C U T  Brood Total nunber tag shedlpmr tagged f i s h  Release f i s h  

code year Spciesl race tagged Mor ta l i t y  bl  f i n  c l i p  c l  released d l  date Yo.lkp FL (m released , 

06-56-56 1990 Spr ing-rm chinook 51.359 478 (0.9) 2.328 (4.6) 48.553 1010(1/91 21.8 151.2 505,623" 8 

06-56-40 1990 Spr ing-rm chinook 52,740 745 (1.4) 5,909 (11.4) 46.086 10/08/91 21.8 151.4 .I 
06-56-38 1990 F a l l - r m  chinook 111.418 135 (0.1) 8.243 (7.4) 103,040 10109/91 25.7 143.6 540.870 

6-1-4-1-5 1 W l  =r ing- rm chinook 210,665 477 (0.2) 11,911 (5.6) 198,277 06/05/92 74.8 104.1 19,111 
6-1-4-1-4 1W1 F a l l - r m  chinoak 211,463 157 (0.1) 4,090 (2.3) 206.416 06/22/92 85.0 104.9 375.123 

I 
P Ynolt s h t o t a l s :  
r. 
3 
I TOTAL C H I W M :  

06-56-57 1WO Coho 53,200 415 (0.8) 552 (1.0) 52,233 04/03/92 15.7 180.2 387.290 - - - 
TOTAL COHO: 53.200 52,233 387.290 

GRAY0 TOTAL SALIIW: 690.845 654,605 1,828,017 

a/ A l l  rt lesases were i n to  the T r i n i t y  River d i r e c t l y  b e l w  the hatchery. 
b/ Absolute m&cr f o l l w e d  by percent in parmthesls. 
c l  Absolute nmhr f o l l w e d  by p r c m t  i n  parenthesis. The p r c m t  m r t a l l t y  i s  based on the t o t a l  nuher of f i s h  r r k e d  n i w  m r t a l i t y .  
d l  The nmhr of tagged f i sh  released I the t o t a l  nuher of f i sh  n a r k 4  n i w  mor ta l i t y  and the extrapolated &r of f i s h  u l t h  shed tag 

or poor f i n  c l i p .  
e l  Urnvlrked release i s  included wi th f i s h  of  tag code 06-56-56. 



TABLE 2. Release ud 1988-89 through 1591-92 season recovery data of coded-wire-tagged c h i m o t  srd ccho salmm 
prOduted a t  T r i n i t y  River Hatchery &riw the 1986-81 through 1WO-91 seasons. a/ 

Release deta T r i n i t y  River Hatchery recovery data 

Mean fo rk  l m ~ t h  (cm) 
M b/ Brood Size Season tYT b/ 
cDdc R.ce Year Date U h r  (*/kg) S i te  recovered recoveries Male Female 

Spr ing-rm 1987 05/23/68 185,718 187.0 Saunil l  
Pond 

Spr inp-rm 1989 10/Ol/W 102,555 25.3 TRH 

Spr ing-rm t/ 

Fa1 I - r tm  1987 06/02/88 172.9W 257.4 M r m c  
Pond 

F a l l - r m  1987 10/28/88 92,300 19.6 hbrose 
Pond 

P a l l - r m  1988 06/12/89 194,197 161.0 TRH 

F a l l - r m  1988 10/27/89 97,569 54.1 TRH 

F a l l - M I  1988 11/01/89 24.131 17.8 TRH 

Fa I1 .M 1989 05/18/90 201,622 189.2 TRH 

F a l l - r m  1989 10/15/W 97,810 21.3 TRH 

F a l l - r m  1989 10/16/W 23,628 17.6 TRH 

F a l l - r m  1989 10/16/W 22.540 18.2 TRH 

F a l l - M  h/ 

Coho s a l m  

Fall-- 1989 03/18/91 51.W 26.4 TRn 

i l k t - ~  

a/ m l y  codcd-uire-tagged g r a q .  that entered T r i n i t y  River Hatchery &r ing the 1590-91 season are l is ted.  
b/ M = c a * d - u i r e  tag. 
c/ TRH=Trinity River Hatchery. 
d/ Sanple s ize i s  i n  parenthesis. 
e l  1 0 0 0 0 0 r ~  coded-uire tag mas f o r d  or i t  uas los t  &ring recovery. 
f/ A r s u d  t o  be spriw-rm chirwok s a l m  by entry date in to  T r i n i t y  River Hatchery. 
g I  Tagged nd rekased bl T r i n i t y  River Hatchery p r s o m l .  
h/  A s s d  t o  be f a l l - r m  chino& s a l m  by entry C t e  i n to  T r i n i t y  River Hatchery. 



CWTed fall chinook we recovered. 

The five CWTed coho recovered were grilse from the 1989 BY. We 
did not expect to see any marked adult coho from TRH during the 
1991-92 season, because none of the 1988 BY coho produced at the 
hatchery were marked. 

In addition to the CWTs from TRH-produced fish recovered this 
year at TRH, we recovered a CWT chinook that had been tagged and 
released by the Trinity River Fisheries Investigation Project 
(another element of CDFG's Klamath-Trinity Program). This 
naturally produced fish had been captured, tagged and released as 
a juvenile between 29 March and 12 May 1989 in the Trinity River 
near Junction City. We also recaptured a CWT chinook that had 
been tagged and released by U. S. Forest Service personnel on 
13 November 1990 in Horse Linto Creek, a tributary to the Trinity 
River. 

Run-size and Contribution to Fisheries and 
Spawner Escapement of Coded-wire-tagged Salmon 

We estimate that 0.05% of the 1986 BY spring chinook released 
from TRH in May 1987 as smolts (CWT code 061412), and 1.9% of the 
fish released as yearlings (CWT code 065639), returned to the 
Trinity River basin upstream of JCW. Yearlings from the 1986 BY 
returned as two- through five-year-olds, but fish released as 
smolts returned only as two- through four-year-olds. An 
estimated 225 of the returning marked 1986 BY spring chinook were 
caught above JCW by anglers, leaving 1,828 available for spawner 
escapement (Table 3). 

We estimate only 0.21% of the 1986 BY fall chinook released as 
yearling+ (CWT code 066310) returned to the Trinity River basin 
upstream of WCW as three- and four-year-olds. None of these fish 
returned as two-year-olds. Only 0.07% of the three groups of 
1986 BY released as smolts returned to the Trinity River basin 
upstream of WCW as two- through four-year-olds (Table 3). 

Conversely, nearly 4.5% of the 1986 BY fall chinook released as 
yearlings returned to the Trinity River basin upstream of WCW. 
Another 1.4% of a group of yearlings released as part of a TRH 
feed experiment also returned. None of the fish from the six tag 
groups of the 1986 BY fall chinook returned as five-year-olds. 

The poor survival and return of the 1986 BY may be due to 
mortality from IHN after being released from the hatchery or the 
off-site rearing ponds. The fish showed the symptoms of IHN 
while being reared but mortality was difficult to assess at the 
off-site rearing ponds. 



TABLE 3. Rm-size, sport catch, and spevnr cscapernt estinvltrs f o r  1986 th rcwh 1989 brood years. T r i n i t y  River 
Ha tche ry -p rhed .  coded-wirc-tagged chinoak Md coho s a l m  i n  the T r i n i t y  River q t r e u n  of U i L L a  Creek d 
Juxtim Ci ty  uc l r s  during the 1988-89 throwh 1W1-92 seas-. a/ 

Release data Return data 

Spawning csca-t 
M b /  Brood River 

Race codc year Date s/ N h r  S i te  Ape Rm-size harvest Hatchery Natural Total 

Spring-rm 066249 

Spr ing-rm OM148 

Spr ing-rm 061412 

Spring-rur 065639 

Fal I -rm 065626 

5/28/87 197,113 TRH d/ 2 
3 

9/24/87 101,030 TRH 2 
3 

5/18,21/90 186,413 TRH 2 

10/1/90 102.555 TRH 2 

6/11.17/87 202,484 TRH 2 
3 

99.118 ssmill 2 
Pond 3 

4 
5 

26.730 TRH 2 
3 



(McClellen Place) 

Hidden Valley Ranch inle Bear Wallow Cr. 

RKM 77.7 

Silver Cr. Ranch 

survey access points 

SCALE 
5 miles - 8 Kilometers 

ETC;URE 2. Mau of the South Fork Trinitv River above Hvanrm deuictina survev 
A 

sections and &or t r ibutar ies .  (RKM =-r iver  kil-ter frcm the mouth of th;? 
South Fork Trinity River).  



We estimate 12 marked coho grilse from the 1989 BY returned to 
the Trinity River basin upstream of WCW, five of which entered 
TRH . 

RECOMMENDATIONS 

Coded-wire tagging and release of smolt and yearling chinook and 
coho, and the monitoring of adult salmon returns at Trinity River 
Hatchery should be continued in 1992-93. 
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CHAPTER VI 

JOB VI 
SURVIVAL, AND CONTRIBUTIONS TO THE FISHERIES AND SPAWNER 

ESCAPEMENTS MADE BY STEELHEAD PRODUCED AT TRINITY RIVER HATCHERY 

Bernard C. Aguilar 

ABSTRACT 

Staff of the California Department of Fish and Game's Trinity Fisheries 
Inveetigations Project conducted a steelhead, Oncorhynchus mykies, marki~ 
program at Trinity River Hatchery intermittently from 1 October 1991 thrc ,n 
18 March 1992. Unique combinations of fin clips were given to each group of 
fish tp w t  identification of brood year upon recapture. This season we 
markea 2,834 steelhead held over from the 1990 brood year with a right ventral 
fin cllp, to be released as two-year-olds, and 968,025 steelhead from the 1991 
brood year with a left ventral fin clip, to be released as yearlings. 

We checked 80 steelhead from the 1990 brood year and 22,538 from the 1991 
brood year for fin clip accuracy prior to release. We found 0.00 from brood 
year 1990 and 0.9% from brood year 1991 had poor fin clips. 

We monitored adult steelhead returning to Trinity River Hatchery from 
16 September 1991 through 27 March 1992, when migration was determined to have 
been completed. During that time, 295 steelhead returned to Trinity River 
Hatchery, of which 62.0% (183/295) were fin-clipped. 

Steelhead were also checked for fin clips as they were recovered at the  Willot. 
Creek and Junction City weirs. Six hundred thirty-eight steelhead were 
recovered at the Willow Creek weir, of which 11.1% (711638) were fin-clipped. 
One hundred three steelhead were recovered at the Junction City weir, of whick 
34.00 (35/103) were fin-clipped. 
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JOB OBJECTIVE 

To determine relative return rates and contributions to 
spawning escapements and the fisheries made by steelhead 
produced at Trinity River Hatchery, and to evaluate experimental 
hatchery management practices aimed at increasing adult returns. 

INTRODUCTION 

The completion of the Trinity River Division of the Central 
Valley Project (15 May 1963) blocked access to approximately 16% 
of the historic steelhead spawning and rearing habitat in the 
Trinity River basin, and resulted in an approximately 80% 
reduction in flow past the Lewiston dam site (Hubbell, 1973; Ca. 
Dept. of Fish and Game, 1965). These project-induced reductions 
in fishery habitat and flow are among the major factors 
contributing to the decline of annual runs of steelhead in the 
Trinity River system. 

In October 1984, U.S. Public Law 98-541 was enacted. This act, 
commonly referred to as the Trinity River Basin Fish and Wildlife 
Restoration Act, authorized the expenditure of $57 million over a 
10-year period to implement a program to restore fish and 
wildlife populations in the Trinity system to pre-dam conditions. 

One of the major goals of the California Department of Fish and 
Game's (CDFG) Klamath-Trinity Program is to develop fishery 
harvest management recommendations which are compatible with the 
goal of restoring full, natural salmon and steelhead production 
in the Trinity River and its tributaries downstream from Lewiston 
Dam. Knowledge of hatchery- and naturally-produced steelhead 
escapements into the Trinity River is needed to develop those 
recommendations. To differentiate between naturally-produced and 
hatchery-produced steelhead, all steelhead reared at Trinity 
River Hatchery from 1978 through 1981 were systematically fin 
clipped before being released. Run size and escapement estimates 
of hatchery-produced and naturally-produced steelhead were made 
during the 1978-79, 1980-81, and 1982-83 seasons. (Heubach and 
Hubbell 1980; Heubach 1984; Zuspan et al. 1985). 

This year, staff of CDFG1s Trinity Fisheries Investigations 
Project (TFIP) continued to mark steelhead produced at Trinity 
River Hatchery (TRH) as part of the first half of our Project's 
efforts to meet the Job Objective. The second half, which began 
last season, includes the monitoring of adults returning to TRH. 
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METHODS 

In-hatchery Fish Growth 

The amount of feed given to fish reared at TRH is determined by 
taking weekly standard weight counts (number of fish per pound), 
and then fish are fed according to suggested manufacturers' 
recommendations (Gary Ramsden, Manager, Trinity River Hatchery, 
CDFG, pers. comm.). The average weights of individual fish, 
reported in this chapter, were based on these weight count data 
from TRH feeding schedules. Project personnel graded fish durinc 
the marking process and placed smaller fish into holding tanks 
until they could be moved into hatchery ponds for further growth. 

Marking Operations 

Staff of CDFG's TFIP marked steelhead at TRH inside two wooden 
sheds measuring 3 m X 3 m, positioned directly over the hatchery 
ponds. Positioning the sheds over the ponds allowed access for 
two crews of four markers each, to effectively net fish into eact 
shed and mark them. Each shed was equipped with a four-station 
marking table and a holding tank (approximately 284 liters), 
through which fresh, hatchery pond-water was circulated. Fish 
were netted directly from the hatchery ponds and placed into the 
holding tank located inside the shed. A smaller holding sink 
also equipped with circulating fresh, pond water, was locate n 
the center of each marking table. One shed was equipped with a 
recirculating tricaine methanesulfonate (MS-222") system 
(approximately 76 liters), which was changed at least once per 
day with fresh aqueous MS-222 solution. This system used 1.5 
cups of MS-222 per week. The recirculating MS-222 system was 
installed to minimize fish mortality caused by overdoses of 
anaesthetic. The other shed had separate, non-circulating MS-222 
sinks at the four work stations, with each marker responsible for 
controlling their own MS-222 concentrations. No comparisons were 
made of MS-222 usage between the two sheds. The temperatures of 
the fresh water and MS-222 solutions of both sheds were monitored 
regularly throughout the day. 

Marking steelhead involved anaesthetizing them with MS-222, 
removing one or more of their fins by clipping, and releasing 
them into a pond reserved for marked fish. To keep count of fist 
marked, each marking station was equipped with a manual counter 
to tally each fish as it was marked. A combination of right 
ventral (RV) or left ventral (LV) and adipose (Ad) fin clips was 
used to differentiate each fish's brood year (BY) and age at 
release. Fish marked during this season were from the 1990 BY 

1/ The use of brand names is for identification purposes only In( - 
does not imply the endorsement of any product by CDFG. 



(given a RV fin clip), to be released as two-year-olds, and from 
the 1991 BY (given a LV fin clip), to be released as yearlings. 

Numbers of fish released from TRH were estimated by TRH 
personnel, using the standard weight count method on a subsample 
of marked fish at the time of release. 

Hatchery Mark Evaluations 

We monitored the effectiveness of our fin-clipping operation by 
randomly checking steelhead one to four times per day throughout 
the marking period, to see how well the fins were removed. We 
netted a sample of fish as they exited each marking shed and 
checked them before they were placed into the hatchery ponds. We 
recorded the number of fish which were poorly fin-clipped, marked 
them with the appropriate fin clip, then placed them into the 
hatchery pond reserved for marked fish. Project personnel were 
notified immediately of any poorly fin-clipped fish, so that they 
could pay closer attention to marking. 

To determine overall fin clip accuracy, we examined a sample of 
the marked steelhead just prior to release. These fish were 
anaesthetized with MS-222, measured to the nearest mm fork length 
(FL), and checked for how well the fin was removed during the 
marking process. Fin-clipping is considered a permanent mark if 
the rays are removed to the point of attachment to the bone 
(Stuart 1958; Eipper and Forney 1965; Jones 1979). Fins which 
were less than half removed were likely to regenerate, with fin 
rays appearing distorted at the location of the clip. Unless 
personnel checking for fin clips on returning adults specifically 
looked for distorted rays, fish that were poorly marked would be 
unrecognizable. We determined the number of effectively-marked 
fish by multiplying the percent of fish with poor fin clips by 
the total number of fish released, and subtracting this product 
from the total. 

Fish Health Assessment 

A subsample of marked fish were autopsied by a CDFG pathologist 
prior to release for health and general condition. A complete 
organosomatic analysis was done and results are on file with the 
pathologist, Region I, California Department of Fish and Game. 
Results reviewed in this report are confined only to general 
remarks by the pathologist. Project personnel also visually 
inspected the fish for general condition during the hatchery 
mark-evaluation process. 

Recovery Operations 

Project personnel monitored steelhead returning to TRH from 
16 September 1991 through 27 March 1992. We examined the fish 
for fin clips, measured each to the nearest cm FL, and recorded 



their sex. Steelhead were also checked by Trinity River Pro; t 
(TRP) personnel during their operation of the Willow Creek weir, 
located 132.0 km downstream of TRH, from 20 August through 
13 December 1991, and at the Junction City weir, located 42.4 km 
downstream of TRH, from 21 May through 13 December 1991. 

RESULTS AND DISCUSSION 

In-hatchery Fish Growth 

Brood Year 1990 (two-vear-olds) 

These fish were held over from last season, unmarked, because 
they did not meet minimum release size requirements. Holdover 
fish from this BY were reared at TRH, marked this season, and 
released as two-year-olds. 

According to TRH feeding schedule records, the average weight of 
these fish in April 1991 was 20 fish/lb or 22.7 gm each. To 
minimize handling mortalities, weight counts were not taken on 
these fish from 12 September 1991 through 18 February 1992. At 
the time of release, their average individual weight was 412 gm 
(Figure 1). 

According to TRH feeding schedule records, these fish grew 
progressively throughout the rearing cycle. Beginning 
11 September, TRH personnel graded fish by size, and feed was 
decreased for a short period. This resulted in a small drop of 
average individual weight from 12.8 to 10.8 gms. The average 
weight of marked fish at the time of release was 56.7 gms each 
(Figure 2). 

Between 16 January and 13 February 1992, the average individual 
weight of the smaller fish separated during the grading process 
temporarily declined, probably due to the high number of small 
fish placed into the pond during that period (Gary Ramsden, 
Manager, TRH, CDFG, pers. corn.). By 12 March 1992, the average 
weight of the smaller-grade fish was 23.9 gms (Figure 2). These 
small- grade fish will be held over at TRH, marked next season, 
and will be released as two-year-olds in the spring of 1993. 

Marking Operations 

This season, we marked 2,834 fish held over from the 1990 BY wit 
a RV fin clip, to be released as two-year-olds, and 968,025 fisl 
from the 1991 BY with a LV fin clip, to be released as yearling! 
Both groups were released in March 1992 (Table 1). There were I 
experimental hatchery management practices to evaluate this 
season. 
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FIGURE 1. Average weight of two-year-old steelhead from the 1990 
brood year reared at Trinity River Hatchery from 18 April 1991 
through 12 March 1992. 
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FIGURE 2 .  Average weight of yearling steelhead from the 1991 brood 
year reared at Trinity River Hatchery from 9 May 1991 through 12 
March 1992. 



TABLE 1. Summary of steelhead fin-clipping operations at TriALLtk 
River Hatchery from 1 October 1991 through 18 March 1992. 

Release group 

Fin 
Brood Number clip Size 
year Age clipped type@ Release date (#/kg) 

1990 ~wo-yr- 2,834 RV 3/16/92 2.4 
old 

1991 yearling 968,025 LV 3/16/92 17.5 

a/ RV = right ventral, LV = left ventral. - 

Brood Year 1990 (two-vear-oldsl 

We had previously marked 970,617 steelhead from this BY with an 
Ad+LV fin clip during the winter of 1990, and released them as 
yearlings in the spring of 1991 (Aguilar 1992). By the 1991 
release date, approximately 3,000 fish from this BY were too 
small to mark, and so were held and reared at TRH a second year 
in order to reach the minimum release size of 152.4 mm (6 in) 'L. 
We began marking a remaining 2,834 steelhead from this BY on 
1 October 1991. These fish were reared at TRH until 16 March 
1992, and released as two-year-olds into the mainstem Trinity 
River at TRH. The average weight of these fish at release was 
2.4 fish/kg (Table 1) . 
Brood Year 1991 (vearlinqs) 

We marked 438,184 steelhead from this BY with a LV fin clip from 
1 October through 30 October 1991. Throughout this period, TRH 
personnel graded fish according to size. On 30 October, the 
management at TRH determined that the remaining fish 
(approximately 512,000) were too small and would need added 
rearing time to increase growth, so marking was temporarily 
discontinued. 

We resumed marking on 6 January 1992, and marked 487,987 
steelhead through 7 February 1992, when TRH management again 
determined the remaining fish (approximately 60,000) were too 
small to mark. Once again, marking was temporarily halted. 

We resumed marking for the third time on 16 March 1992, the day 
pond screens were pulled to allow the fish to enter the mainstem 
Trinity River at TRH. We marked 41,854 steelhead through 
18 March 1992. These fish were held at TRH until evaluation of 
hatchery marks could be made before they were released. The 
average size of fish from this BY at release was 17.5 fish/kg 



(Table 1). Approximately 10,000 - 11,000 fish from this BY that 
were considered too small to mark are being held at TRH. These 
fish will be marked next season and released as two-year-olds. 

Hatchery Mark Evaluations 

Brood Year 1990 ftwo-vear-oldsl 

We examined a subsample of 8 0  steelhead from the 1990 BY to see 
how well their fins were removed during the marking process. We 
did not find any poorly fin-clipped fish, thus all steelhead 
released from this BY were considered effectively marked 
(Table 2). 

According to TRH staff estimates, they released 1,909 steelhead 
from the 1990 BY, and had 925 mortalities during the holding 
period prior to release. At the release date, the FL of these 
fish ranged from 205 to 455 mm, and averaged 351.8 mm, with a 
sample S.D. of 5.36 (Figure 3). 

Brood Year 1991 fvearlinssl 

From 10 through 2 0  March 1992, we examined a subsample of 22,538 
fish to assess the quality of their fin-clips. We measured the 
FLs of 4,500 of the fish in this subsample. We found 192 (0.9%) 
fish from this BY which were poorly fin-clipped. There were no 
mortalities recorded by TRH personnel, thus 959,313 (99.1%) of 
the steelhead from this BY were effectively marked and released 
(Table 2). Their FLs ranged from 75 to 283 mm, and averaged 
183.6 mm FL with a sample SD of 1.95 (Figure 4 ) .  

TABLE 2. Summary of steelhead hatchery-mark evaluations from 
1 October 1991 through 2 0  March 1992. 

Releaee group 

Fin NUUibeK 
Brood Number clip Number O Poor effectively 
year Age relepsedJ type-w evaluated clipa marked$ 

1990 two-yr- 1,909 RV 80 0.0% 1,909 
Old 

1991 yearling 968,025 LV 22,538 0.9% 959,313 

q/ Number released - total number of fish marked adjusted For holding 
mortalities. 

Q/ RV - right ventral, LV = left ventral. 
g/ Number of effectively marked fiah = number with accurate fin clips = 

number released X ((100 - poor clipa)/lOO). 
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FIGURE 3. Length frequency of marked two-year-old steelhead rrom 
the 1990 brood year released from Trinity River Hatchery on 16 
March 1992. 

Fish Health Assessment 

Brood Year 1990 (two-vear-oldsl 

A pathological health assessment by autopsy was not done because 
of the limited number of fish from this brood year. We checked 
80 fish during the hatchery mark-evaluation procedure, and found 
a fungus-like growth on three fish. We also found some fin 
erosion. Overall, the fish released from this BY showed signs of 
stress, probably because of handling them at a larger size. 

A subsample of 20 fish was collected at TRH by a CDFG 
pathologist, prior to the release of marked fish. A complete 
organosomatic analysis and autopsy were done. Results showed 
some dorsal fin wear and scale loss; however, the general 
condition of these fish, as determined bv both the patholoqist 
and Project personnel, appeared to be good. 

- - 
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FIGURE 4. Length frequency of marked yearling steelhead from the 
1991 brood year released from Trinity River Hatchery on 16 March 
1992. 

Recovery Operations 

Juvenile steelhead migrate to sea after spending one to three 
years in fresh water. They usually stay one to two years in salt 
water, then return to freshwater to spawn when they are 38 to 69 
cm in total length. Life-history patterns of steelhead are 
variable, however, and growth rates may vary (Moyle 1976). 

A fraction of the Trinity River steelhead run has a unique life- 
history pattern in that they will stay less than one year in salt 
water, and return to fresh water after several months (Hopelain 
1987). These fish are referred to as half-pounders. 

This was the first year we expected to see returns of fish which 
were marked and released in 1990 (1988 and 1989 BYs). Steelhead 
produced at TRH were the majority (1831295) of returns to the 
hatchery during this reporting period, and made a significant 
contribution to spawner escapement. 



Trinitv River Hatchery 

Many returning adult steelhead were lost at TRH before we could 
recover them, due to predation by otters. Otters took fish 
directly from the holding tanks and fish trap, and, occasionally, 
only body parts were found. Because of this, fewer eggs were 
taken, and we expect the number of steelhc - 1  available for 
marking will be considerably lower next season. 

Project personnel monitored steelhead returning to TRH from 
16 September 1991 through 27 March 1992, when migration was 
complete. During that period, 295 steelhead returned to TRH, of 
which 183 (62.0%) were fin-clipped. Of those: 24 (8.1%) were 
marked with a LV fin-clip, with FL ranging from 33 to 68 cm, 
indicating they were from the 1989 BY, returning as three-year- 
olds; 73 (24.7%) were marked with a RV fin-clip with FL ranging 
from 31 to 75 cm, indicating that the majority (65173) of these 
were from the 1988 BY, returning as four-year-olds; 54 (18.3%) 
were marked with a Ad+RV fin-clip indicating they were from the 
1989 BY; 31 (10.5%) were marked with a Ad+LV fin-clip indicating 
they were from the 1990 BY, and 1 was marked with a right 
pectoral fin-clip, of unknown origin. Last season, 927 steelhen+ 
returned to TRH, six of which were marked fish from the 1988 Bk 
returning as three-year-olds. 

Junction Citv Weir 

Personnel from the TRP recovered 103 steelhead from the Junction 
City weir, 35 (34.0%) of which were fin-clipped. Of those: 5 
(4.9%) were marked with a Ad+LV fin-clip indicating they were 
from the 1990 BY; 8 (7.8%) were marked with a Ad+RV fin-clip 
indicating they were from the 1989 BY; 10 (9.7%) were marked with 
a LV fin-clip indicating they were from the 1989 BY; and 12 
(11.7%) were marked with a RV fin-clip indicating they were from 
the 1988 BY. 

Willow Creek Weir 

Personnel from the TRP recovered 638 steelhead at the Willow 
Creek weir, 71 (11.1%) of which were fin-clipped. Of those: 49 
(7.7%) were marked with a RV fin-clip indicating they were from 
the 1988 BY; 9 (1.4%) were marked with a LV fin-clip indicating 
they were from the 1989 BY; 7 were marked with a Ad+RV fin-clip 
indicating they were from the 1989 BY; 4 were marked with a Ad+LV 
fin-clip indicating they were from the 1990 BY; and 2 had an 
adipose fin-clip only, of unknown origin. Adipose-clipped fish 
may have been previously marked with a corresponding ventral 
clip; however, regeneration may have occurred. 



RECOMMENDATIONS 

Marking should begin as late as possible next season, to allow as 
much time as possible for the fish to grow. This would prevent 
intermittent marking, and allow for continuous fin clipping 
throughout the season. 
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JOB VII 
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CHINOOK SALMON IN THE SOUTH FORK TRINITY RIVER BASIN 

Michael Dean 

ABSTRACT 

The California Department of Fish and Games' Trinity Fisheries Investigations 
Project is conducting a study of spring-run chinook salmon (Oncorhvnchus 
tahawvtecha) in the South Fork Trinity River basin. In this effort, we 
trapped and tagged returning adults, operated recovery weirs, performed creel, 
snorkel, epawner, redd, and carcass recovery surveys, analyzed adult and 
juvenile scales, and performed emigrant juvenile trapping. 

During adult trapping operations in the spring and summer of 1991, we 
captured, marked, and released 42 spring-run chinook salmon. Subsequently, 14 
spring-run chinook salmon were captured at recovery weirs. Two captured fish 
had been marked at the tagging weir. During summer snorkel surveys throughout 
the basin, we observed 66 spring-run chinook salmon. Four fish had been 
marked at the tagging weir. Due to the low number of mark recoveries, a 
statistically valid run-size estimate waa not obtained. However, based on the 
above recovery numbers we estimated the run-size to be 232 fish (192 adults 
and 40 grilse). Based on scale analysis, we determined that the age class 
distribution of returning fish was 17% two-year-olde, 29% three-year-olds, 
45% four-year-olds, and 9% five-year-olds. 

Pools were the primary adult summer holding habitat in the basin. Significant 
numbers of spring-run chinook salmon were found in only eight of the pools we 
located. 

Based on tag returns and creel surveys, the angler harvest wae near zero. 

Spring-run chinook salmon spawning began on 3 October and ended 26 October. 
During redd surveys we located 25 spring-run chinook salmon redde. Redds were 
distributed above and below Forest Glen with only one below Hyampom. Only one 
chinook salmon carcass was recovered. 

Using emigrant juvenile trapping, we determined that spring-run chinook salmon 
young-of-the-year emigration began on 9 April and ended on 1 July. Yearling 
spring-run chinook salmon emigrate during winter and early spring. 



JOB OBJECTIVES 

1. To determine the size, composition, distribution, and timing 
of the adult spring chinook salmon run in the South Fork 
Trinity River basin. 

2. To determine the angler harves~ F spring-run chinook salmon 
in the South Fork Trinity River  asi in. 

3. To determine life-history patterns of spring-run chinook 
salmon produced in the South Fork Trinity River basin. 

INTRODUCTION 

This study is designed to be a thorough evaluation of the life 
history of spring-run chinook salmon (spring chinook), 
(Oncorhynchus tshawvtscha) within the South Fork Trinity River 
(SFTR) basin. This is the first major study of spring chinook in 
this basin. The only other study was conducted in the late 
summer and fall of 1964 prior to the devastating flood that 
occurred that year (LaFaunce 1964). The California Department of 
Fish and Game (CDFG) and the U.S. Forest Service (USFS) have --de 
numerous attempts to count adult spring chinook (and spring-r 
steelhead) in the SFTR in order to track population trends and 
evaluate post-flood habitat recovery. These efforts have been 
sporadic, short term, and made no attempt to determine complete 
life history (see Appendix 1). Reliable, statistically valid 
population estimates were not determined. 

The size of the current population of spring chinook in the SFTR 
is not known. Estimates of annual spawner escapements from 
various sources (Appendix 1) range from multiples of ten to a few 
hundred fish. It is certain that the population has experienced 
serious decline since 1964, when the run was estimated to be 
11,604 (LaFaunce 1964). A current, valid population estimate and 
understanding of life history patterns is crucial to any 
management or restoration effort. 

This is the second year of a proposed five-year study of SFTR 
spring chinook by the CDFG1s Trinity Fisheries Investigations 
Project (TFIP). Since our annual reports normally cover the 
period from 1 July through 30 June, the snorkel survey, redd and 
carcass recovery surveys and other observations made during 
summer and fall relate to those fish trapped and marked during 
the 1990-1991 reporting period. Also, scales used for life 
history determinations were obtained from fish trapped and 
released during the 1990-1991 season. 



METHODS 

The study area includes the lower 132 km of the SFTR, the lower 
7 km of the East Fork of the SFTR, and the lower 16 km of Hayfork 
Creek, totaling 155 kin of river. Lafaunce (1964) broke this area 
into 16 roughly equal sections. We attempted to use these same 
sections for comparison, but for logistical reasons deviated 
slightly (Figures 1 & 2). We also snorkel surveyed the lower 
4 km of Grouse Creek. 

This study is comprised of several distinct elements, each 
generating an escapement estimate or providing information on in- 
stream life history or distribution. 

To meet job objective one, we used the Petersen mark and 
recapture method, with some variation. We operated a weir at 
which fish were trapped, tagged, and released. We attempted to 
recover fish or observe tags in three ways: 1) we operated two 
recapture weirs (in the mainstem SFTR and in Hayfork Creek); 
2) we observed over-summering fish during snorkel surveys of the 
entire study area; and 3) we attempted to recover carcasses 
during the spawning season. All data were to be used in making 
separate Petersen estimates. 

To meet job objective two, we utilized non-reward tag returns and 
a limited creel survey. Historically, poaching has been a 
problem on the SFTR. Non-reward tags were chosen so as not to 
increase the potential of poaching for the reward. 

To meet job objective three, we analyzed scales collected during 
the adult trapping operation, performed emigrant juvenile 
trapping, and made direct snorkel observations of heavily 
utilized spawning areas prior to, and during the time we expected 
to see emergent fry. 

Immigrant Chinook Trapping and Tagging 

Earlv-entering Portion of the Run 

The trapping weir (Gates Weir) was located at river kilometer 
(RKM) 31.7, 16 km downstream of the township of Hyampom (Figure 
1). The weir functions as a fence across the river designed to 
guide adult fish into a trap. The weir was constructed of 1.5-m 
wide by 1.2-m high panels, which reached completely across the 
river. Each panel was constructed of 1.9-cm (diameter) 
galvanized conduit welded horizontally on 5.7-cm centers to 2.5-  
crn by 2.5-cm steel angle iron uprights. Panels were wired 
together with steel tie-wire, and supported with conventional 
steel fence posts driven into the river bottom. Netting was 
placed atop the panels to prevent fish from jumping over the 
weir. 
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FIGURE 1. Pap of the South Fork Trinity River, Eyampn and below, depicting sun 
sections and major tributaries. (RKM = river kilcnleter, £ran the mouth of the Sc 
Fork Trinity River). 
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FI(;URE 2. Map of the South Fork Trinity River abwe Hyampcm depicting survey 
sections and major t r ibutar ies .  (RKM = r iver  k i l m t e r  frmn the mouth of the 
South Fork Trinity River).  



The trap was 2.4 m long by 2.4 m wide by 1.2 m high (vertical 
depth) and was constructed with weir panels described above. Two 
1.1-m panels were placed inside to form a fyke which led fish 
into the trap and deterred their escape. The conduit of the 
upstream and side panels was sleeved with clear vinyl tubing in 
an effort to minimize potential abrasion to trapped fish. In an 
effort to make fish more at ease in the trap and less ,ikely to 
try to jump out, a piece of dark blue nylon fabric was floated on 
the surface of the water. It was attached inside the trap at the 
upstream end only. If a fish were to jump and land atop the 
fabric, the fabric would simply sink allowing the fish to settle 
back into the water. This device also provided cover and made 
fish difficult to see from outside the trap. Great care was 
taken to insure that there were no sharp projections, wire, etc. 
inside the trap which might injure trapped fish. Foam pipe 
insulation was used in areas where unavoidable abrasion might 
occur. The trap was provided with a lockable plywood lid and 
solid plywood bottom. 

Once trapped, fish were netted with a knotless, nylon-mesh net 
and placed in a tagging cradle. The tagging cradle consisted of 
a frame constructed from 1.9-cm copper pipe, measuring 100 by 
50 cm which was fitted with a nylon cradle to hold fish, and a 
metric ruler for measuring fork lengths (FL). The cradle 
assembly was designed to slide into a channel in the front of +.he 
trap. A sliding door made from perforated aluminum plate (0. - 
cm holes) formed the upstream end. Once marked, fish could be 
released by opening the sliding door. 

Once in the tagging cradle, fish were examined for marks, scars, 
and general condition, their FL was measured to the nearest cm, 
and a scale sample was taken. A small knife was used to collect 
scales from the left side of the fish just below the dorsal fin. 

Since we saw no ill effects resulting from tagging a portion of 
the 1991 cohort, all of the 1992 cohort was tagged, either with a 
one-half left-ventral (LV) fin clip and a Floyl' anchor tag, or a 
one-half right-ventral (RV) fin clip and a ~oteki' implantable 
radio transmitter. The Floy tag was placed on the left side, 
just below the dorsal fin, and just posterior to its midline. 
Each radio tag was inserted into the stomach of an adult chinook 
salmon through the esophagus, with the aid of a small length of 
0.95-cm diameter PVC pipe. The radio tagging operation was done 
in cooperation with a project led by Dr. Roger Barnhart of the 
U.S. Fish and Wildlife Service, California Cooperative Fishery 
Unit, Humboldt State University. [Note: Tagged spring chinook 

I/ The use of brand names is for identification purposes only and 
does not imply the official endorsement of any product by he 
California Department of Fish and Game. 



discussed in the RESULTS section of this report refer to those 
marked during the last reporting period (1990-1991 season). Only 
half the number of these fish captured were actually tagged 
(Floy + fLV), while the other half were fin clipped only (fRV). 
Discussion of fish tagged and marked in the manner noted above, 
including radio tagged fish, will be reported in the 1992-1993 
Annual Report]. 

Tagged fish were then sprayed with a 10-20% aqueous solution of 
~ropolyaquaa (artificial slime) to help prevent infection caused 
by the removal of mucus during handling. Spraying was focused on 
areas such as the caudal peduncle, scale sample site, and the tag 
location. Care was taken to insure that the head, operculum, and 
gills were not sprayed with the solution. 

Fish which appeared fresh and strong were then released directly 
from the cradle to the river (upstream) without further handling. 
During periods of warm water temperature (> 15.5' C) or when fish 
appeared stressed, they were allowed to swim from the cradle into 
a recovery tube and held there for at least 60 minutes. The 
recovery tubes were made from plastic pipe measuring 3.5 m long 
by 25 cm in diameter. Both the upstream and downstream ends were 
fitted with sliding plexiglass doors, each with numerous 2-cm 
holes to allow ample water to flow through the tube. The tubes 
were oriented with their long axis parallel to the current and 
held on the river bottom with large rocks. Once the recovery 
time was over, the upstream door was opened and fish were allowed 
to leave of their own accord. 

Late-enterinu Portion of the Run 

We also installed and operated a trapping weir of similar 
construction to the one described above, in the lower SFTR at 
Sandy Bar (RKM 2 . 4 ) ,  in order to assess any late-entering portion 
of the spring chinook salmon run. This weir was installed on 
4 September 1991 and was operated by TFIP until 1 October. On 
1 October the Natural Stocks Assessment Project (NSAP) moved the 
weir 100 m upstream to a more stable winter site, where they 
operated it until 11 February 1992. 

The only problem we encountered in operating this weir was 
defining spring-run vs. fall-run chinook salmon (fall chinook), 
considering that both may be present at the same time. We 
defined late-entering spring chinook as those fish which were 
dark, brassy, and may have had other physical marks which 
indicated they had over-summered lower in the Klamath-Trinity 

2 1  The use of brand names is for identification purposes only and 
zoes not imply the official endorsement of any product by the 
California Department of Fish and Game. 



system. Those chinook salmon which appeared fresh, bright, 
nickel colored, and usually lacked old marks and scars, were 
defined as fall-run. 

Recapture Weirs 

Two Alaskan-style weirs were operated in the basin as recovery 
stations. These weirs were located in Hayfork Creek at Bar 717 
Ranch, 8 km upstream from its confluence with the SFTR, and in 
the mainstem SFTR at Forest Glen Campground (RKM 89.5) 
(Figure 1). The Alaskan weir also utilizes 1.9-cm galvanized 
conduit as the "fence", but the support and orientation of the 
pipe is markedly different than the Gates Weir. The conduit 
slides through holes in 7.6-cm wide by 3.3-m long aluminum 
channel and contacts the natural river bottom. The aluminum 
channel is supported on tripods constructed of 10.2-cm x 15.2-cm 
and 5.1-cm x 15.2-cm Douglas fir beams. The aluminum channel is 
oriented horizontally and the conduit is oriented vertically. 
The spacing between the conduit centers is 5.7 cm. The trap 
construction is also the same as that noted above, except that 
vinyl tubing was not used for pipe sleeves in the Hayfork Creek 
trap. Fish captured in these traps were netted, examined for 
marks, scars, and general condition, then immediately released. 
Artificial slime was also applied to each fish just prior to 
release. 

All weirs were operated 7 days per week, 24 hours per day. Each 
was serviced every morning and often staffed 24 hours per day 
during busy holiday weekends. 

Digitally recording thermographs were used to continually monitor 
water temperatures at the weir sites. Thermographs were 
protected inside a steel casing and chained to each weir. Hand 
held thermometers were used to check water temperature each 
morning during the routine weir service and prior to the 
deployment of thermographs. 

Snorkel Survey 

The snorkel survey was conducted during late June, July, and 
August of 1991 and covered the entire survey area (Figures 1 & 
2). Our primary goal was to count the number of spring chinook 
salmon and adult steelhead, and to document the number of tagged 
spring chinook observed in the population. We also documented 
the number and location of over-summer holding pools utilized by 
three or more spring chinook. 

We used teams of two to three individuals, equipped with mask, 
snorkel, wetsuit, anti-slip footwear or fins, notepads, and 
appropriate safety gear (e.g. rescue rope and first aid kit). We 
typically entered the river at approximately 09:30 and covert 
7.0 to 10.5 km of river per day, depending on the length and 



difficulty of each river section. Each team floated or swam down 
the river, and recorded the number of adult salmonids and the 
relative abundance of juvenile salmonids. We also noted habitat 
types and condition, water temperature, presence of tributaries 
and their respective temperatures, and the presence or absence of 
summer holding habitat. The most difficult task was finding 
adult fish. We spent a great deal of effort searching beneath 
undercut rocks, ledges, vegetation, overhangs, etc., where fish 
often hid to avoid divers. Some sections required a good deal of 
walking and investigation of pools, step-runs, pocket water, and 
other habitat types which afforded good cover. 

Once we determined what pools were being utilized by spring 
chinook, we made follow-up observations of fish at these sites. 
We used binoculars from a vantage point which afforded a good 
view, without the fish being aware of us. Almost every pool had 
a steep bluff associated with it which was ideal for this 
purpose. Our goals were to determine if fish were moving into or 
out of the pools, assess summer mortality, make counts and look 
for tagged and marked fish, and to observe pre-spawning behavior 
in order to begin our spawner surveys at the appropriate time. 

Redd and Carcass Surveys 

Surveys began in mid-September and continued through mid- 
November. We used an aerial survey conducted by helicopter every 
seven to fourteen days to cover the entire river to ensure we 
were performing ground surveys frequently enough, and to observe 
overall trends. Each river section was covered more thoroughly 
by two-person crews, on foot or in kayaks. When redds were 
located, their location was documented (by FNM), each was 
assigned a specific identification number, and the following 
parameters were measured: over-all size, position in the stream, 
water depth, current velocity, and gravel size. We also estimated 
the percent fines in surrounding gravels and noted various 
aspects of fish behavior (e.g. female present or absent, evidence 
of false redd activity, estimated time spent on redd). We 
repeated the surveys until two consecutive trips noted no new 
redds or live fish. 

The carcass recovery effort was conducted in the same manner as 
redd surveys and focused on those areas where redds and spawning 
fish were seen during previous surveys. Carcasses were examined 
for tags and tag scars, fin clips, spawning success, and signs of 
predation, and a scale sample was taken. Their species, sex, FL, 
and general condition were also noted. We attempted to correlate 
each carcass with a known redd. We hoped to be able to determine 
if redds might actually contain eggs, based on the spawning 
success of the correlated carcass. We also hoped to determine a 
tag shedding rate from recovered carcasses. 



Angler Harvest 

The angler harvest estimate was generated based upon tag returns 
and creel surveys. The creel survey was limited this season to 
seven days due to time and personnel constraints, and was 
conducted only in sections J and K of the Hyampom basin 
(Figure 1). This creel survey area covered that portion of the 
river where over-summering spring chinook were most likely to be 
caught by anglers. Angler access sites in the creel survey area 
were identified prior to the survey period. Upstream of RKM 48, 
fishing was allowed, but harvest of salmonids greater than 35 cm 
in total length was prohibited. Therefore, no creel survey was 
attempted above this point. 

During the creel survey, clerks followed a set route based on a 
predetermined schedule, and examined each access site for 
anglers. Anglers observed fishing during the survey periods were 
contacted and interviewed for hours fished that day, success, 
angling method, and county or state of residence. Sport-caught 
chinook were measured (FL, cm), and examined for fin clips and 
external tags. The number of any tag observed was recorded, the 
fish's sex determined, and its spawning condition noted. Scale 
samples were taken from creeled fish in the same manner as for 
fish from the Gates Weir. 

Life-history Patterns 

In-stream life-history patterns were determined from analysis of 
adult and yearling scales, juvenile emigrant trapping, and 
snorkel observations of spawning areas performed during late 
winter and spring. 

Scales obtained from immigrant chinook trapped at the Gates Weir 
and from emigrant yearling chinook trapped at the Forest Glen 
Weir were cleaned and mounted between two glass microscope 
slides. Scales were then examined with a microfiche reader. The 
number of annuli, and patterns on the scale indicating ocean- or 
stream-type life history were noted. An ocean-type life history 
was indicated by the presence of the first annulus outside the 
point of ocean entry. A stream-type life history was indicated 
by the presence of the first annulus inside the point of ocean 
entry (Snyder 1931, Mills 1986, Sullivan 1989). The point of 
ocean entry was identified by the first obvious, pronounced 
increase in the distance between circuli, as measured outward 
from the scale nucleus. The number of circuli were counted and 
the radial distance (mm) measured from the scale focus to the 
mark indicating ocean entry, the first annulus, between each 
annulus, and from the last annulus to the scale margin. Each 
scale set was examined by two readers and their results comp ?d. 
If the readers were in agreement, we assumed the interpretat--n 



was correct. If readers were not in agreement, both readers re- 
examined the scale set together to determine the correct 
interpretation. 

Juvenile Ehiarant Trawwinq 

We monitored juvenile emigration patterns by trapping in the SFTR 
at Forest Glen, 400 m below the Highway 36 river crossing. We 
chose this location for three reasons: 1) in our field work or in 
the literature, we found no evidence of fall chinook spawning 
this far upstream, so we reasonably were sure that any juvenile 
chinook salmon captured would be spring-run fish; 2) more than 
one-half of the spring chinook redds we documented during the 
1991 season were less than 12 km upstream of this point; and 3) 
this site afforded easy access and was less subject to high storm 
flows than areas farther downstream. 

Juveniles were captured using fyke nets attached to trap boxes. 
The nets were constructed of 1.3-cm nylon mesh, had a 1.8-m- by 
2.4-m- upstream opening and extended 10.1 m to a trap attachment 
frame at the terminal end. Trap boxes were constructed of 
plywood and hardware cloth, and measured 0.8 m wide by 1.2 m long 
and 0.5 m in depth (vertical dimension). The fyke-net traps were 
placed in the river overnight, normally 24 hours, and captured 
fish were examined the following morning. To minimize the 
chances of current-induced fish mortality, we placed two trap 
boxes in tandem so that the current velocity in the last box was 
less than 0.3 m-per-second. We also formed an enclosure inside 
the back trap box using hardware cloth with 1.3-cm holes, which 
allowed chinook salmon fry safe refuge from much larger Age 1+ 
and 2+ juvenile steelhead. 

Captured fish were identified to species and enumerated. 
Individual chinook salmon and steelhead were measured for FL 
(mm). The displacement volume was then measured for chinook 
salmon caught each day. Scale samples were taken from yearling 
chinook salmon and some steelhead captured. Flows through the 
net were measured with a Marsh-Mc~irneyl' flow meter. The total 
volume sampled was then estimated. Water temperatures were 
monitored using hand-held thermometers or digital recording 
thermographs. When flow conditions permitted, we trapped one 
night-per-week beginning in mid-January, but increased to two 
nights-per-week once emigration began. We trapped on this 
schedule until no juvenile chinook salmon were caught for two 
successive trap weeks, and we felt that emigration was complete. 

3/The use of brand names is for identification purposes only, and - 
does not imply the endorsement of any product by the California 
Department of Fish and Game. 



Snorkel Survev Observations 

We made snorkel surveys in the area below Silver Creek Ranch (RKI 
101.6 to RKM 99) during February, March, and April of 1992, 
attempting to observe newly emergent chinook salmon fry. Our 
intent was to document the timing of emergence to support data 
from fyke-net trapping and to document fry post-emergence 
behavior. We utilized the same snorkel methods discussed above, 
except that we covered only about two to three km of river. We 
chose this location because it had a relatively high density of 
redds and good water clarity, even during winter. 

During snorkel surveys, we used small dipnets to sweep along 
stream margins, especially in submerged vegetation. We also usec 
dipnets held at the bottom, perpendicular to stream flow while wc 
disturbed the bottom (gravel and cobble) just upstream. In this 
fashion any alevins or fry dislodged from the bottom would be 
caught in the net. 

Statistical Analyses 

Effectivelv-marked Fish 

We determined the number of effectively-marked fish by 
subtracting the number of tagging or marking mortalities 
recovered at or near the Gates Weir from the number of marke~ 
fish. Mortality was considered to be a result of the tagging 
operation if the fish was discovered dead within 30 days of 
processing. We did not subtract those mortalities discovered 
during the snorkel surveys from the effectively-marked populatior 
since some over-summer mortality is normal. 

As reported in the 1990-1991 Annual Report, during that trapping 
season we systematically applied anchor tags to every other 
spring chinook captured, and marked the other half of the spring 
chinook captured with a RV fin clip only. We assumed that both 
fin clips and tags would be visible to personnel at recovery 
weirs and during carcass surveys, but that only tags would be 
visible during snorkel surveys. Therefore, only half the number 
of fish marked were considered effectively-marked fish for the 
snorkel survey run-size estimate purposes. 

Run-size Estimate 

To determine the run-size above the Gates Weir, we used Chapman's 
version*' of the Petersen Single Census Method (Ricker 1975): 

41 Chapman, D.G. 1951. Some properties of the hypergeom~+.ric 
distribution with applications to zoological sample cens 2s. 
Univ. Calif. Publ. Stat. 1:131-160.; as cited in Ricker (1975). 



N = estimated 
marked at the 

run size; M = number of fish effectively tagged or 
Gates Weir; C = the total number of chinook salmon ~ ~ 

observed during snorkel or carcass recovery surveys, or at 
recovery weirs; and R = number of fish tagged or marked at the 
tagging weir which were later seen during the snorkel or carcass 
recovery surveys, or at recovery weirs. 

In using this method, we assumed that fish trapped and marked or 
tagged were a random and representative sample of the population; 
marked or tagged, and unmarked fish were equally likely to be 
observed in snorkel and carcass surveys, and captured at recovery 
weirs; tagged and marked fish were randomly distributed 
throughout the population; marked or tagged, and unmarked fish 
did not suffer any differential mortality; all tagged and marked 
salmon were recognized upon recovery at weirs or during the 
carcass recovery survey; and that only tagged fish would be 
recognized as such during snorkel surveys. 

Use of Standard Julian Week 

Some data collected are presented in Julian Week (JW) format. 
Each JW is defined as one of a consecutive set of 52 weekly 
periods, beginning 1 January, regardless of the day of the week 
on which 1 January falls. The extra day during leap years is 
added to the 9th week, and the last day of the year is included 
in the 52nd week. This procedure allows inter-annual comparisons 
of similar weekly periods. 

RESULTS AND DISCUSSION 

1991 Reporting Period 

T r a ~ ~ i n q  and Tasainq (early-enterina  ort ti on of the run)- 

The following results are repeated from the 1990-1991 Annual 
Report to allow the reader to follow the 1991 spring chinook 
cohort through the summer and fall, and to more clearly 
understand our methodologies and results. 

We operated the Gates Weir for 80 days, from 28 April through 
18 July 1991. During this period, both immigrant and emigrant 
traps were maintained. We captured, marked, and released 34 
adult and nine grilse spring chinook, eight unspawned adult fall- 
or winter-run and 18 adult spring-run steelhead from the 
immigrant trap. We captured, examined, and released 39 out- 
migrant (spawned) adult winter-run steelhead from the emigrant 
trap (Table 1). We effectively marked 39 chinook salmon at the 
Gates Weir, 19 with Floy anchor tags and 20 with a RV fin-clip. 



TABLE 1. Trapping summary for the Gates Weir by Julian week --on 
28 April through 18 July 1991. The Gates Weir is located in the 
South Fork Trinity River 32 kilometers upstream from the mouth. 

Immigrant Emigrant 
trap trap 

Spring-run chinook 
salmon Steelhead 

Spawned 
fall- and 

Julian Start Fall- and winter-run 
week date a/ ~dults Grilse b/ winter-run c/ Spring-run d/ steelhead 

7/16/91 1 0 0 3 0 

TOTALS: 34 9 8 18 39 

- 

a/ Trapping actually began on 4/28/91. 
b/ Grilse are chinook salmon measuring ( 55  cm FL; adults are > 55 cm PL. 

This length cut-off is subject to revision (Zuspan 1992). 
c /  Fall- and winter-run ateelhead are upstream-migrating, sexually mature 

fish. 
d/ Spring-run steelhead are upstream-migrating, sexually immature fish. 

In 1991, we began catching spring chinook at the Gates Weir 
during the second week of May. The run appeared to reach its 
peak during early to mid-June (Table 1). We continued to catch 
fish until mid-July when we were forced to remove the weir due tc 
excessively warm water temperatures (>21°C). Based on snorkel 
observations, we feel that some spring chinook continued to enter 
the SFTR until the end of July. Therefore, the run timing i. 



1991 for spring chinook in the SFTR was from early May through 
late July. 

Spring chinook captured at the Gates Weir averaged 60.4 cm FL 
(f 9.6 cm S.D.) (Figure 3). TFIP has established 55 cm FL as the 
length separating adults and grilse in the mainstem Trinity 
River. We may revise this length cut-off for SFTR fish based on 
scale analyses. However, we have not yet read enough scales to 
make a final determination. Length data for steelhead captured 
at the Gates Weir are being reported in the Annual Report for Job 
I11 and will not be discussed here. 

Of the chinook captured and sexed at the Gates Weir, 26 were 
females and 12 were males. Small grilse may have gotten through 
the Gates Weir at a higher rate than larger adults, accounting 
for the lower male count. Of the chinook recaptured and sexed at 
the Forest Glen recovery weir, seven were females and six were 
males. 

1992 Reporting Period 

Observation or Recoverv of Taus and Marks 

Recoverv Weirs. No spring chinook were captured at the 
Hayfork Creek Weir, while 14 were captured at the Forest Glen 
Weir. Of these 14 fish, two were RV fin-clipped, indicating that 
they were processed through the Gates Weir (Table 2). No tagged 
fish were recovered. This number of mark recoveries was 
inadequate for a valid Petersen estimate. 

Snorkel Survevs. We observed 66 spring chinook and nine 
spring-run steelhead during snorkel surveys. Twelve of the 
spring chinook were seen below the Gates Weir. Four of these 
fish may have moved above the weir after its removal. However, 
most remained below the weir until at least mid-September. All 
twelve were included in the run-size estimate. 

Throughout the surveys, only three anchor-tagged spring chinook 
were seen. One additional spring chinook was observed with a LV 
fin-clip and an obvious tag scar. No fish were seen with the 
right ventral fin-clip. Therefore, we observed four marked 
spring chinook among the 54 seen above the weir. Unfortunately, 
this number of mark recoveries is insufficient for a 
statistically valid Petersen estimate. However, utilizing these 
numbers in the Petersen formula, and based on field observations, 
we estimate the run-size to be 232 fish. 

In some pools, we observed spring chinook from a nearby bluff 
before conducting the snorkel survey. In one case, we observed 
four fish in a pool near Hidden Valley prior to entering the 
water. However, while snorkeling, only one fish could be found. 
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FIGURE 3. Fork length distribution of spring-run chinook sa. .on 
captured at the Gates Weir in the South Fork Trinity River from 28 
April through 18 July 1991. 

Therefore, we believe the snorkel survey may only provide a lower 
estimate of the number of fish. 

One of five spring chinook was observed to have shed its tag. 
Based on this small sample size, it appears that a tag shedding 
rate of 20 to 25% is possible. 

No spring chinook were seen during surveys of lower Hayfork Creek 
or Grouse Creek. 

Follow-UD Observations at Holdina Pools. Near the end of 
August and through mid-September, spring chinook numbers 
increased in each pool. We assumed fish we had seen during the 
snorkel survey in poor holding areas, such as glides and step- 
runs, had moved into holding pools. However, since we could not 
identify individual fish, this could not be confirmed. We also 
noted that, as September progressed, fish exhibited more and more 
chasing behavior and some pairing was apparent. This may be an 
important clue in determining when fish are nearing spawning 
condition. In the last several days of September, spring chinook 
began leaving pools and moving into glides and riffle areas, 
indicating the-onset of spawning. 



TABLE 2. Spring-run chinook salmon recapture summary for the 
Forest Glen Weir during the 1991 season. The Forest Glen Weir is 
located in the South Fork Trinity River 89 kilometers upstream from 
the mouth. 

Date of Fork length 
Julian week capture (cm.) sex Marks a/ 

2 4 6/11/91 6 7 F None 

6/13/91 7 4 F None 

25 6/18/91 5 9 M None 

F None 

F None 

b/ None 
None 

None 

None 

7/02/91 79 M None 

7/04/91 63 F RV C/ 
II 4 0 M None 

7/07/91 7 2 M None 

28 7/13/91 6 7 F RV C/ 

Size Total fish 
range: 40 to 79 = 14 

Average 
size: 64.4 

Total marks 
= 2 

a/ Marks applied at Gates Weir. 
b/ Sex was not determined for this fish. 
c /  RV = right ventral fin-clip. 

SDawner and Redd Survevs. We performed 30 individual surveys 
between 18 September and 6 November, and located 25 spring 
chinook redds. Twenty-four redds were distributed almost equally 
above and below Forest Glen (Figure 4); one was found well below 
Hyampom at RKM 38.3, and is not shown in Figure 4 .  Three spring 
chinook were seen to over-summer in the pool immediately upstream 
of this redd. Spring chinook spawning was most concentrated in 
river section E, near Silver Creek Ranch. All redds were typical 
for spring chinook salmon with regard to size, location in the 
stream, gravel size, current velocity, and water depth (Chapman 
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1943; Mattson 1948; Cramer & Hammack 1952; Lindsay & Jonasson 
1989; Groot and Margolis 1991). No spring chinook were seen 
spawning in Hayfork Creek. The weather and water clarity were 
excellent during these surveys. 

Based on observations, we estimated that there were between two 
and three spring chinook per redd. If this estimate is accurate, 
then only about 65 fish survived to spawn. However, it is 
conceivable that we missed a few redds in the upper river 
(sections A,  B, C, and D), and that there was considerably more 
spawning occurring than we accounted for. 

SFTR spring chinook were observed to complete redd construction 
in about 24 hours, with evidence of false redd activity in almost 
every case. Females could be found in the area of the redd for 
only three-to-four days after redd completion. They were never 
seen to defend their redd. Although individual fish could not be 
identified, in two instances we discovered two redds in isolated 
areas where only one female was observed. This led us to believe 
that females might dig more than one redd. Spawning commenced in 
the upper river on 3 October and progressed downstream. Spawning 
was completed by the end of the third week of October 
(26 October). Although, in a few instances, redds were within a 
few meters of each other, we did not observe any overlapping of 
redds. 

Carcass Recoverv Survevs. We were able to recover only one 
spring chinook carcass during our redd and carcass recovery 
surveys. This carcass was discovered on 11 October just above 
the Butter Creek pool. It was a fresh, unspawned 60-cm FL female 
with a clear LV fin-clip, but no apparent tag scar. No cause of 
death was apparent. This may have been the tagged fish we knew 
to be holding in the Butter Creek pool. Lindsay and Jonasson 
(1989) reported average pre-spawning mortality rates in wild 
spring chinook of 44% for the Deschutes River (Oregon) from 1977- 
81, with some years as high as 75%. The Rogue River (Oregon) 
experienced average rates of 12% for the same period (Lindsay and 
Jonasson 1989). For comparison, pre-spawn mortality rates for 
spring-run chinook in the mainstem Trinity River averaged 62.8% 
in 1990 (Zuspan 1992). Groot and Margolis (1991) reported that 
much lower rates (less than 10%) are more typical. High pre- 
spawn mortality rates are often associated with stress factors 
such as high water temperature, microbial agents, or a 
combination of the two (Groot and Margolis 1991). 

We found remnants of chinook carcasses (various fins and skull 
bones) in several areas, but these observations are of little 
value except to indicate a degree of predation and scavenging 
which we felt was occurring. River otter and mink were the 
primary predators and scavengers. As evidenced by tracks and 
scat traces, bear activity was light in spring chinook spawning 
areas. 



Other Observations. On several occasions during snorkel surveys, 
we observed spring chinook moving upstream through high-gradient 
riffles and step-runs when water temperatures were greater than 
22.5'C. On one occasion, the water temperature was 24T. It is 
noteworthy that these fish can not only tolerate these 
temperatures, but appear to be able to migrate in them. It may 
be that such warm temperatures motivate fish to move farther 
upstream. 

Our snorkel observations suggest there is no shortage of over- 
summer holding habitat for the current population of spring 
chinook in the SFTR. We found numerous pools which appeared to 
be of adequate depth, had good in-stream cover, and good thermal 
stratification (cool bottom water) which were not being utilized 
by spring chinook. We documented eight spring chinook summer- 
holding pools spread throughout the SFTR, primarily above Hyampom 
(Figures 5 & 6). Each of these pools was occupied by at least 
three spring chinook; most had five or more. We also documented 
one pool downstream of Hyampom where spring chinook not only 
over-summered, but survived to spawn (see Spawner and Redd 
Surveys, p. 209). 

During the juvenile trapping effort and other field observations, 
we saw numerous green sunfish in the SFTR, especially lower 
Hayfork Creek. On two occasions, we electrofished a large 
backwater pool about 1 km above the Gates Weir. We estimated 
many as 200 sunfish in this pool, representing at least three 
age-classes. Stomach content analysis showed that the larger of 
these fish were piscivorous. Sunfish were also seen in the main 
river-channel. This question is beyond the scope of this 
project, but we are concerned that large numbers of these fish 
could be responsible for significant predation on emigrant 
juvenile salmonids. 

Travvins and Tassins (late-enterins vortion of the runl 

We operated the weir at Sandy Bar for 26 days from 4 September to 
1 October, attempting to capture late-entering spring chinook. 
During this period, we captured one grilse spring chinook, one 
adult fall chinook and two adult fall- or winter-run steelhead. 
During the period of operation, river flows were low and 
efficiency of the weir was considered 100%. 

Water temperatures in the lower river during this period ranged 
from 19 to 28 OC, averaging 21 "C. The mainstem Trinity at the 
SFTR confluence is consistently much cooler (by 4 to 6 OC). We 
feel that this temperature difference would inhibit most chinook 
from entering the SFTR during August and September. The low 
number of spring chinook captured supports this idea. Also, 
during this time of year, flows in the SFTR can be so low as to 
make significant upstream migration difficult. Consequently, y 
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late-entering spring chinook would likely enter the river with 
early-entering fall-run chinook. As a result, differentiating 
between spawners of the two races would be very difficult. 

Life History 

Scale Analvsis. We were able to interpret 42 of 43 scale sets 
recovered from immigrant chinook marked and released at the Gates 
Weir this season. The one unreadable set was composed entirely 
of regenerated scales which precluded analysis. Thirty-seven 
scale sets (88%) showed an ocean-type juvenile life history, 
while five (12%) showed a stream-type life history. 

Of the 42 scale sets, seven fish (17%) were two-year-olds 
(grilse), 12 (29%) were three-year-olds, 19 (45%) were four-year- 
olds, and four (9%) were five-year-olds (Figure 7 ) .  
Interestingly, of the five stream-type fish, two were three-year- 
olds, while three were five-year-olds. Lindsay and Jonasson 
(1985) reported age classes by scale analysis for spring chinook 
from the John Day River as 1-5% three-year-olds, 5449% four- 
year-olds, 8-44% five-year-olds. Virtually all these fish were 
stream-type (Lindsay 1985). 

The average FL for returning SFTR spring chinook in age groups 
two- through five-years was 46.7, 59.3, 64.5, and 66.8 cm, 
respectively (Figure 7). 

Juvenile Erniarant Tra~~ina. We trapped at the Forest Glen 
site for 41 nights between 16 January and 9 July 1992. Over this 
period, we captured and released 490 young-of-the-year (YOY) and 
four yearling spring chinook. The emigration of yearling spring 
chinook was scattered throughout the winter and early spring. We 
captured the first spring chinook YOY on 9 April along with the 
last yearling. The peak of spring chinook YOY emigration at 
Forest Glen was between late April and early June (Figure 8). 

Natural Stocks Assessment Project (NSAP) personnel trapped 
emigrant juvenile salmonids for 37 nights in the SFTR near 
Hyampom between 9 November 1991 and 15 July 1992, as part of Job 
111. Unfortunately, fall-run chinook are known to spawn above 
this trapping site. Therefore, juvenile chinook salmon captured 
here cannot be positively separated by race. Also, fewer chinook 
salmon were trapped at the Hyampom site compared to Forest Glen 
(Figure 9). Due to higher flows near Hyampom, trapping in the 
main channel was seldom feasible, and when possible, a smaller 
percentage of the river was trapped, accounting for the 
difference in catch. 

NSAP's results were almost identical to ours in the number of 
yearling chinook salmon captured (six compared to four) and in 
the timing of yearling and YOY emigration (Figure 9). Only four 
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FIGURE 7 .  Average fork length by age class, and age composition by 
percentage of spring-run chinook salmon captured at Gates Weir in 
the South Fork Trinity River during 1991, as determined from scale 
analysis. 

of six yearling chinook captured by NSAP staff are shown in 
Figure 9 ;  two were captured in early November (these were omitted 
from the graph so that Figures 8 and 9 could be shown with 
similar axes). In early April the average FL for chinook salmon 
trapped by NSAP staff at Hyampom was 53.6 mm, compared to 53.8 mm 
at our Forest Glen site. By the end of May the average FLs had 
increased to 74 mm at Hyampom and 67 mm at Forest Glen. This 
difference may represent the growth that occurs between these two 
points. However, comparisons between our Forest Glen data and 
NSAP's Hyampom data must be made with caution. The NSAP juvenile 
trap location is such that juvenile fall-run chinook may also be 
captured. 

Only one juvenile chinook salmon was captured by NSAP staff in 
the Hayfork Creek trapping operation. Since no spring chinoo. 
were seen to over-summer or spawn in Hayfork Creek, we assume 



that this fish was from fall-run stock. 

The catch-per-unit-effort (CPUE) at Forest Glen varied from zero 
to a high of 84. CPUE is defined as the number of fish caught 
per trap, per day. The average FL for Y0Y.increased over the 
period from 53.8 to 91.7 mm (Figure 10). It was apparent that 
spring chinook YOY first captured at Forest Glen had been out of 
the gravel for some time, as evidenced by their relatively large 
size. 

Yearling spring chinook measured 87, 89, 100, and 116 mm; the 
smallest caught first and the largest caught last. From our 
trapping operation and trapping performed by NSAP, it appears 
that yearling spring chinook emigrate during winter and early 
spring and do not mix with emigrant YOY to any significant 
extent. This life history strategy is represented by a small 
percentage of the population. It is not yet known how 
significant this life history strategy may be to the survival to 
spring chinook in the SFTR. 

Coincident with this effort we captured and released 1,369 
juvenile steelhead, 826 speckled dace, four green sunfish, five 
golden shiners, and a few thousand ammocetes. 

Snorkel Survey Observations. We did not see yearling spring 
chinook during winter and early spring snorkel surveys. We 
observed five spring chinook YOY on 9 April, the first date we 
captured spring chinook YOY in fyke net traps at our Forest Glen 
trap site. These fish averaged 45 mm in length and were found in 
edgewater, among fine plant roots. Much of the SFTR in this 
section provides good edgewater habitat, as well as good habitat 
among large cobbles. Due to very cold water temperatures and 
fast flows, we were unable to document the use of the cobble 
habitat. Other habitat types in the section were apparently 
unused. No schooling behavior was noted in any habitat type. 

Based on information presented by Alderdice and Velson (1978) and 
Dill (1969), we expected to see emergent fry in mid-March. Our 
field observations indicate that this time frame is accurate. 
Therefore, it took about 150 days from the time eggs were 
deposited until fry emerged from gravel. We also discovered that 
some fry take refuge in edgewater vegetation after emerging from 
the gravel. They appear hold there until foraging behavior and 
swimming abilities develop, a period of about 30 days. Reiser 
(1981) reported that fry were first seen in pools just upstream 
of redds. We did not see this behavior. 

Angler Harvest 

Seven individual creel surveys were performed during June of 
1991. We saw no chinook salmon creeled, and no tags have been 
returned. CDFG staff members who reside in the Hyampom area 
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FIGURE 8. Temporal distribution of emigrant, juvenile spring-rur 
chinook salmon captured at the Forest Glen Weir in the South Fork 
Trinity River during the 1992 season. 

S t a r t  D a t e  of T r a p p i n g  Week 

Young of the Y e a r  (YoY) Y e a r l i n g s  * 

a 

FIGURE 9. Temporal distribution of emigrant, juvenile chinook 
salmon (spring and fall race) captured by the Natural Stocks 
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S t a r t  Date  o f  Trapp i ng Week 

FIGURE 10. Average fork length (EL) and catch-per-unit-effort 
(CPUE) by trapping week for juvenile spring-run chinook salmon 
captured in the South Fork Trinity River near the Forest Glen Weir 
from 2 April through 9 July 1992. 

received no reports of chinook salmon being caught anywhere in 
the SFTR this season. Based on these data, we believe the angler 
harvest of spring chinook in the SFTR in 1991 was zero. 

Thermographs worked very well and will continue to be used to 
monitor river temperatures. Our primary purpose for monitoring 
river temperatures at the weir sites is to detect unacceptably 
high minimums where handling fish could cause lethal stress. 
Daily average water temperatures at the Gates Weir ranged from 14 
to 22 OC between 29 April and 29 June. The Gates Weir was 
removed from operation on 24 June because minimum daily water 
temperatures reached 21 OC. Daily diurnal temperature variations 
ranged between 3 and 5 "C (Figure 11). 



Date 
FIGURE 11. Water temperature variation at the Gates Weir in the 
South Fork Trinity River from 29 April through 24 June 1992. 

adult Traa~inq 

During the 1992 season we operated the Gates Weir for 64 days, 
from 27 April through 7 July 1992. Late in the trapping period 
we were forced to suspend trapping operations intermittently due 
to excessively warm minimum water temperatures. During this 
period both immigrant and emigrant traps were maintained. We 
captured, marked, and released 39 adult and nine grilse spring 
chinook, one unspawned adult winter-run and 15 adult spring-run 
steelhead from the immigrant trap. We captured, examined, and 
released 65 out-migrant (spawned) adult fall- and winter-run 
steelhead from the emigrant trap (Table 3). Thirty-nine chino& 



TABLE 3. Trapping summary for the Gates Weir by Julian week from 
27 April through 7 July 1992. The Gates Weir is located in the 
South Fork Trinity River 32 kilometers upstream from the mouth. 

Immigrant Emigrant 
trap trap 

Spring-run chinook 
salmon Steelhead 

Spawned 
fall- and 

Julian Start winter-run 
week date a/ ~dults Grilee b/ winter-run c/Spring-run d/ eteelhead 

4/23/92 0 0 1 1 0 

4/30/92 1 0 0 3 2 2 

5/07/92 1 1 0 1 3 3 

5/14/92 9 0 0 0 5 

5/21/92 8 0 0 0 2 

5/28/92 7 1 0 0 1 

6/04/92 6 1 0 0 1 

6/11/92 2 1 0 2 0 

6/18/92 5 0 0 1 0 

6/25/92 0 0 0 2 1 

7/02/92 1 5 0 5 0 

TOTALS: 40 9 1 15 6 5 

a/ Trapping actually began on 4/27/92. 
b/ Grilee are chinook measuring 5 55 cm.; adults are > 55cm. This length cut- 

off is subject to revision (Zuspan 1992). 
c/ Fall- and winter-run steelhead are upstream-migrating, sexually mature 

fish. 
d/ Spring-run eteelhead are upstream-migrating, sexually immature fish. 

were tagged with anchor tags and marked with a one-half LV fin- 
clip, and nine were implanted with radio tags and given a one- 
half RV fin-clip. Further analysis and discussion of these data 
will be covered in the next annual report where these spring 
chinook will be followed through the end of their spawning 
season. 

Gillnet. Hook. and Predator Scars 

During the 1992 adult trapping season, we examined 49 spring 
chinook and 81 steelhead at the Gates Weir. Only 28% of spring 
chinook showed scars this year, compared to 67% last year 



(Table 4). Conversely, 41% of the steelhead had scars this yes , 
compared to only 15% last year. These numbers are significantly 
different (XZ = 10.0, X' = 12.0, respectively). The composition 
of scar types on steelhead was generally comparable to last year 
with the exception of predator scars, which were up by 248. 
Gill-net scars on spring chinook were 18% lower than last season. 
It has been reported by fisheries staff of the Hoopa Valley Tribe 
(M. Orcutt, telephone conversation), that the gill-net fishing 
effort for spring chinook in the lower Klamath-Trinity system was 
less intense this season compared to other years. Interestingly, 
we saw no hook scars on spring chinook this year compared to 
13.9% last year. Angling regulations and open seasons were much 
more restrictive this year, and may have contributed to these 
observations. 

TABLE 4.  Summary of scars observed on steelhead and spring-run 
chinook salmon captured at the Gates Weir in the South Fork Trinity 
River during the 1992 season. 

Steelhead Spring-run chinook salmor - 
Percent of total Percent of total 

Number with captured with Number with captured with 
Scar types scar type scar type scar type scar type 

Gill net a/ 5 6 4 8 

Fresh-hook b/ 2 3 0 - 
Ocean-hook c/ 0 - 0 - 
Predator d/ 2 2 2 7 6 12 

Unknown e/ 4 5 4 8 

a/ Gill-net scars are defined as nicks in the leading edge of the 
dorsal or pectoral fins, usually accompanied by individual or 
multiple lines on the sides of the fish. 

b/ Fresh-hook scars are unhealed perforations or tears around the 
mouth which result from the fish being hooked in fresh water. 

C/ Ocean-hook scars are healed hook scars, usually accompanied by 
noticeable scar tissue. 

d/ Predator scars are longitudinal scratches or inverted "v" shaped 
marks along the body of the fish, usually spaced close together and may be 
accompanied by scale loss. 

e/ Unknown scars are those which do not fit any of the above 
categories. 
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RECOMMENDATIONS 

1. Snorkel surveys should be performed in late July in as short a 
time frame as possible for a better delineation of spring-run 
chinook salmon distribution and a more accurate count for the 
Petersen estimate. The snorkel surveys should also be repeated 
near the end of August to document any re-distribution of adult 
and grilse salmon. 

2. Follow-up observations of summer holding pools should be 
continued to document immigration and emigration, pre-spawning 
behavior, and to count the numbers of tagged and untagged chinook 
salmon in each pool. 

3. An attempt should be made to evaluate the efficiency of the 
snorkel survey technique. 

4 .  Discontinue the trapping operation aimed at the late-entering 
portion of the spring chinook salmon run since only one spring- 
run fish was caught this season. Also, during drought years, 
excessive water temperatures and low flows appear to inhibit, and 
possibly prohibit, any significant late-entering segment of the 
run. River temperatures should be monitored in the lower river 
to document extremes. 

5 .  Consider using several different color-coded tags which would 
allow for the identification of individual fish during snorkel 
surveys, and especially during follow-up observation at holding 
pools. 

6. Consider moving the SFTR recovery weir nearer to Hyampom in an 
effort to recapture more marked fish which would allow for a more 
valid population estimate. 

7 .  Poor spawning gravel permeability and bedload movement may be 
affecting spring chinook salmon egg and alevin survival. 
Additional studies are needed in this area. 
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ABSTRACT 

I began my assignment on 1 April 1991 to compile, analyze, and 
report or edit back-year accumulations of file data. These data 
were collected during studies to determine if alternative 
hatchery practices could potentially increase survival to 
adulthood of salmon reared at Trinity River Hatchery (TRH). 
Reports on the first two Job 8 task studies have been completed, 
and summaries follow. I have begun analysis on the third and 
fourth studies, which will be combined into one report. 

The goal of the first study was to determine if survival of fall- 
run chinook salmon could be improved by releasing them into the 
Trinity River at downstream sites. Results showed survival of 
fingerlings was increased by releasing them into the lower 
Trinity River (at Willow Creek and Hoopa), but homing tendency to 
return to TRH as spawners was reduced. Results for yearlings did 
not clearly show survival was increased by releasing them into 
the upper Trinity River (at Junction City and Lime Point). 

The goal of the second study was to compare survival of fall-run 
chinook salmon based on age at release. Three age-at-release 
types were examined: fingerlings (reared 6 to 7 months), 
yearlings (reared 10 to 13 months), and yearlings plus (reared 13 
to 15 months). Results showed older fish survived better and 
contributed more to fisheries and spawner escapements as adults. 
Younger fish were always larger (FL) at age 2 and generally at 
age 3; all release types were of similar size at age 4 .  



JOB OBJECTIVES 

1. To provide for the compilation, analysis, write-up or 
editing of multi-year accumulations of previously collected 
file data on Trinity River basin salmon and steelhead that 
are beyond the scope of current Project activities. 

2. To provide timely, as-needed technical support to the 
Project Supervisor in responding to unprogrammed information 
and data analysis requests regarding Trinity River basin 
salmon and steelhead stocks. 

TASK 1 REPORT 

COMPARISONS OF SURVIVAL AND HOMING TENDENCY FOR 
TAGGED GROUPS OF FALL-RUN CHINOOK SALMON, ONCORHYNCHUS 

TSHAWYTSCHA, REARED AT TRINITY RIVER HATCHERY AND STOCKED 
AT SEVERAL LOCATIONS IN THE TRINITY RIVER WITH ESTIMATES 
OF CONTRIBUTION TO FISHERIES AND SPAWNER ESCAPEMENTS~' 

INTRODUCTION 

The goal of the study was to determine if survival of hatchery- 
reared fall-run chinook salmon could be increased by releasing 
them at downstream sites. This determination was based on 
survival comparisons between groups of tagged fish released near 
Trinity River Hatchery (TRH) and at various downstream sites. 
The comparisons were made for two age-at-release types: 
fingerlings released in June, and yearlings released in October 
or November. 

This study was carried out by taking a portion of the annual 
hatchery production of TRH; dividing that portion into groups to 
represent a release at a particular site; tagging the groups then 
releasing them into the Trinity River; collecting recovery data 
obtained from surveys of the fisheries and at TRH; calculating 
ocean catch rates and using these rates to infer relative 
survival; comparing survival of groups from the same brood year 
(BY) and age-at-release; and estimating the contributions to the 
fisheries for all groups in the study. 

$/ Reavis, R. and B. Heubach. 1993. Comparisons of survival and 
homing tendency for tagged groups of fall-run chinook salmon, 
Oncorhvnchus tshawvtscha, reared at Trinity River Hatchery and 
stocked at several locations in the Trinity River with estimates 
of contribution to fisheries and spawner escapements. Inland 
Fish. Div. Admin. Rep. No. 93-11 available from Calif. Dept. Fish 
and Game, Inland Fish. Div., P.O. Box 944209 Sacramento, CA 
94244-2090. 



METHODS 

For each BY (1977 through 1979) of the initial phase of the 
study, two groups of fingerlings were released into the Trinity 
River: one near TRH and the other at a downstream site. The 
downstream sites were Tish Tang Campground (1977 BY) located 153 
river kilometers (RKM) below TRH, Hoopa (1978 BY) loc-red 159 RKM 
below TRH, and Willow Creek (1979 BY) located 138 RKM below TRH. 
For each BY (1982 through 1984) of the second phase of the study, 
groups of both fingerlings and yearlings were released at TRH and 
three downstream sites: Steelbridge, located 15 RKM below TRH; 
Junction City, located 50 RKM below TRH; and Lime Point, located 
61 RKM below TRH. 

We used the following criteria to compare performance of groups 
from the same BY and age-at-release: 

1. Hypothesis testing using the sign test (Siege1 1956) at 
the 0.05 level of significance to compare survival of 
fingerlings released at TRH with those released at 
downstream sites. We assumed equal mortality in the ocean 
for groups from the same BY and of the same age, and 
differences in ocean catch rates are due to mortality that 
occurs during the post-release freshwater emigration phase. 
There were only three BYs of results for yearlings, which 
were not enough for hypothesis testing. 

2. Mortality-rate estimates experienced by hatchery- 
released fish during emigration. We calculated mortality 
rates for the sections of the Trinity River between TRH and 
the downstream release sites using the following formula 
from Hallock and Reisenbichler (1979): 

where, 
R, = ocean catch rate of adults for tag-code group 
released near TRH and Rds = ocean catch rate of adults for 
group released at downstream site. 

3. Homing tendency rates for groups released at downstream 
sites. Homing tendency rate is a measurement of the 
behavioral tendency of fish released downstream to return to 
TRH, compared to fish released at TRH. The homing tendency 
rate was calculated using a formula provided by Hallock and 
Reisenbichler (1979). The homing tendency rate is the 
quotient of two ratios: 



where, 

Hd,/OdB = return rate to TRH divided by ocean catch rate for 
the group released at a downstream site, and H,/O, = the 
return rate to TRH divided by ocean catch rate for the group 
released at TRH. 

Estimates of contributions to the ocean fisheries were obtained 
from the Pacific States Marine Fisheries Commission (1991). 
Estimates of contributions to the inland gill-net fisheries were 
obtained from the U S Fish and Wildlife Service (Arcata, CA) and 
the Hoopa Valley Tribal Council's Fishery Department. Estimates 
of contributions to the Klamath River sport fishery were 
expansions from data provided by the Department of Fish and 
Game's (DFG's) Klamath River Project. Estimates of contributions 
to the Trinity River sport fishery and natural spawner escapement 
were obtained from DFG's Trinity River Project. Finally, counts 
were made of all fish entering TRH. 

RESULTS 

The results of our evaluation of hatchery versus downstream 
releases were as follows: 

1. The survival of fingerlings was increased by releasing 
them downstream (sign test for x = 0, p < 0.05, and n = 5); 
mortalities observed when fingerlings from the 1977 BY were 
released downstream precluded the inclusion of that sample 
in the test. Survival, as indicated by ocean catch rates, 
was nearly 10 times greater for fingerlings from the 1979 BY 
released at Willow Creek than for those released near TRH. 
For the five BYs for which comparisons are available, the 
average survival rate was nearly four times greater for 
groups released at the downstream-most sites than for those 
released near TRH. 

2. Estimated mortality rates for fingerlings were calculated 
for five sections of stream. The mortality rates of these 
sections were as follows: TRH to Steelbridge - 0.13, TRH to 
Junction City - 0.43, TRH to Lime Point - 0.49, TRH to 
Willow Creek - 0.90, and TRH to Hoopa - 0.70. Estimated 
mortality rates of yearlings were calculated for three 
sections of stream. These rates were as follows: TRH to 
Steelbridge - 0.08, TRH to Junction City - 0.15, and TRH to 
Lime Point - 0.07. 
3. Homing tendency rates for the groups of fingerlings 
released at downstream sites, compared with groups of the 
same BY released at TRH were as follows: Steelbridge - 0.37, 
Junction City - 0.48, Lime Point - 0.56, Willow Creek - 



0.21, and Hoopa - 0.07. The rates for yearlings were as 
follows: Steelbridge - 0.74, Junction City - 0.48, and Lime 
Point - 0.52. 

The BY contribution rates ( %  of original release) to the 
fisheries ar.d spawner escapements ranged from 0.28% to 2.52% for 
fingerlings released at TRH and from 0.34% to 7.22% for 
fingerlings released downstream. The contribution rates for 
yearlings ranged from 2.00% to 13.03% for fish released at TRH 
and 2.92% to 7.95% for fish released downstream. 

CONCLUSIONS AND RECOMMENDATIONS 

Survival of fall-run chinook salmon fingerlings was increased by 
releasing them at downstream sites. Results for fish released at 
Hoopa and Willow Creek suggest survival can potentially be 
increased from four to ten fold. It appears that survival is 
related to the distance downstream from TRH that fingerlings are 
released. 

Selection of a planting location for fingerlings will involve a 
tradeoff between survival and homing tendencies. A greater 
fraction of the fish released downstream will survive, but a 
lesser fraction of these survivors will return to TRH. However. 
the results show total hatchery return rates of fingerlings c; 
be greater for those fish released downstream, when homing 
tendencies are offset by improved survival. 

Relative survival was consistent in the ocean, gill-net, and 
inland sport fisheries, and spawner escapements. That is, when 
ocean catch was high, so was inland gill-net catch, inland sport 
catch, and spawner escapement; and, when ocean catch was low, so 
was gill-net, inland sport catch, and spawner escapement. 
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TASK 2 REPORT 

SURVIVAL AND GROWTH COMPARISONS OF FINGERLING, YEARLING 

INTRODUCTION 

This study was conducted to compare the relationship between age 
at release and survival to adulthood (three-, four-, and five- 
year-old fish) for fall-run chinook salmon reared at Trinity 
River Hatchery (TRH). Three age-at-release types selected for 
this study were: fingerlings - released at 6 to 7 months; 
yearlings - released at 10 to 12 months; and yearlings-plus - 
released at 15 to 17 months. Relative survival within each 
brood year (BY) was inferred from recovery rates of coded-wire 
tags (CWT) collected during surveys of ocean commercial and sport 
fisheries, inland gill-net and sport fisheries, and at TRH. 

This study was carried out by taking a sample of the annual 
hatchery production from the 1977, 1978, 1979, 1983, 1984, and 
1986 BYs. Each sample was then divided into three groups 
representing fingerlings, yearlings, and yearlings-plus. The 
groups were then tagged with CWs, marked with an adipose-fin 
clip (Ad), and released into the Trinity River near the hatchery. 
Tags were later recovered during surveys of the fisheries and at 
the hatchery. 

METHODS 

We used the following criteria to compare performance within BYs 
of fingerlings, yearlings, and yearlings-plus: 

1. Hypothesis testing using the sign test (Siege1 1956) at 
the 0.05 level of significance to compare survival rates of 
groups representing different ages at release. We used 
catch rates to infer relative survival rates. We tested the 
hypotheses that fingerlings and yearlings, or yearlings and 
yearlings-plus survive at the same rate. 

2/ Reavis, R. and B. Heubach. 1993. Survival and growth 
comparisons of fingerling, yearling and yearling-plus fall-run 
chinook salmon, Oncorhvnchus tshawvtscha, reared at Trinity River 
Hatchery. Inland Fish. Div. Admin. Rep. No. 93-10 available from 
Calif. Dept. Fish and Game, Inland Fish. Div., P.O. Box 944209, 
Sacramento, CA 94244-2090. 



2. Ocean recovery and hatchery return rates by year class 
for the three age-at-release types. We estimated the 
percentage of total recovery that occurred at ages 2 througl 
5 years. 

3. Length at age. Analysis of mean fork length (FL) at age 
for fish returning to TRH had been made by Hankin (1990) fo: 
tag-code groups from the 1977, 1978, and 1979 BYs. His 
results are presented in this report to provide a compariso~ 
with our results for the 1983, 1984 and 1986 BYs. He 
compared mean EL at ages 2, 3, and 4 years based on 
separation of confidence intervals (295%). 

We calculated confidence intervals (295%) for the mean EL a' 
age for tag-code groups from the 1983, 1984 and 1986 BYs, 
but observed overlap. We used analysis of variance to 
determine if there were differences among the three release 
types. Then we used a Tukey Studentized Range Test to 
determine which of the release types were different (Zar 
1984). 

RESULTS 

The results of comparisons of fish based on age at release are a: 
follows: 

1. Survival to adulthood, as shown by the paired-sample sigr 
test, was greater for yearlings than for fingerlings and 
greater for yearlings-plus than for yearlings (p = 0.05, 
n = 5, and x = 0 for both tests). Survival to adulthood, a! 
suggested by total mean recovery rate comparisons, was 
several times greater for older fish. The mean recovery 
rate of the five BYs was 5.6 times greater for yearlings 
than fingerlings, and 2.1 times greater for yearlings-plus 
than for yearlings. 

2. The percentages of recoveries by year class for 
fingerlings taken in the ocean fisheries were: age 2 - 2%, 
age 3 - 87%, and age 4 - 11%. The percentages for yearlings 
were: age 3 - 70% and age 4 - 30%. Percentages for 
yearlings-plus were: age 3 - 30% and age 4 - 70%. 
The percentages of returns to TRH by year class for 
fingerlings were as follows: age 2 - 57%, age 3 - 38%, and 
age 4 - 5%. Percentages of returns for yearlings were: 
age 2 - 26%, age 3 - 62% and age 4 - 12%. The percentages 
of return for yearlings-plus were: age 2 - 15%, age 3 - 738, 
and age 4 - 12%. 



3. Based on separation of confidence intervals (+95%), 
Hankin (1990) made the following conclusions: i) the mean 
FLs at age for fingerlings returning to TRH were greater at 
ages 2 and 3 than yearlings and yearlings-plus; ii) 
yearlings were always larger than yearlings-plus at age 2 
and 3, and iii) there were no differences among types at age 
4. The 1979 BY releases were affected by the El Niiio that 
occurred in 1983 and resulted in reduced growth. Our 
results for the 1983, 1984, and 1986 BYs were similar to 
Hankin's results. We observed that fish released at a 
younger age were larger at age 2 and generally larger at age 
3. We had results from only one BY available for age 4 
fish, and these results did not show any differences among 
release types. 

CONCLUSIONS 

Based on study results, we made the following conclusions: 

1. Fish released at an older age survive better to adulthood 
and in turn contribute more to fisheries and spawner 
escapements. 

2. Fish released at an older age contribute more to 
fisheries and escapement as older fish (four- and five-year- 
olds) . 
3. Greater fraction of fish released at a younger age mature 
earlier and return to TRH as two-year-old fish. 

4. Fish released at a younger age grow faster until age 4, 
when all age-at-release types achieve equal size. 
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